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(54) HIGHLY MAGNETIC MATERIAL AND MANUFACTURE THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly magnetic material produced at low cost and having at least 
high magnetism and good temperature characteristics. 

SOLUTION: A high magnetic material having a coercive force of not less than 1 kOe is made from an alloy 
comprising one or more element T selected from the group of Fe, Co, Ni, one or more rare-earth element 
R, and an element B, and having an amorphous phase as a main phase by a melt quenthing method and 
then by heat-treating the alloy at a rising temperature of not less than 10 K/min. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A hard magnetic material whose coercive force it comes to heat-treat an alloy which makes an 
amorphous phase the main phase immediately after quenching with the above programming rate by 
10K/including one or more sorts of elements T, and elements R and B which consist of one or more sorts 
in rare earth elements among Fe, Co, and nickel, and is 1 or more kOes. 

[Claim 2] A hard magnetic material whose coercive force which it comes to heat-treat an alloy which 
makes an amorphous phase the main phase immediately after quenching with the above programming rate 
by 10K/, and comes to contain a software magnetism phase of 1 or less kOe of coercive force and a hard 
magnetism phase of 1 or more kOes of coercive force more than 10vol(s)(volume) %, respectively is 1 or 
more kOes. 

[Claim 3] A hard magnetic material whose coercive force in which come to heat-treat an alloy which makes 
an amorphous phase the main phase immediately after quenching with the above programming rate by 10K/, 
and a magnetic phase and Curie temperature of 600 degrees C or more come for Curie temperature to 
contain a magnetic phase of 600 degrees C or less more than 10vol(s)(volume) %, respectively is 1 or more 
kOes. 

[Claim 4] A hard magnetic material obtained after heat treatment with the above programming rate by said 
10K/in a hard magnetic material according to claim 1 to 3 is a hard magnetic material characterized by 
including a fine crystalline phase of 100nm or less of diameters of average crystal grain as a main phase. 
[Claim 5] A hard magnetic material characterized by coming to heat-treat an alloy which makes an 
amorphous phase the main phase immediately after quenching with the above programming rate by 100K/in 
a hard magnetic material according to claim 1 to 4. 

[Claim 6] A hard magnetic material according to claim 1 to 5 is a hard magnetic material characterized by 
an absolute value of a temperature coefficient of magnetization when using it in a configuration from which 
a permeance coefficient becomes ten or more being as follows [ 0.10% / K ]. 

[Claim 7] A hard magnetic material according to claim 1 to 6 is a hard magnetic material characterized by 
coercive force being the thing of 2 or more kOes. 

[Claim 8] A hard magnetic material according to claim 1 to 7 is a hard magnetic material characterized by 
being [ of residual magnetization (Ir) to saturation magnetization (Is) ] 0.6 or more things comparatively 
(Ir/Is). 

[Claim 9] A hard magnetic material according to claim 1 to 8 is a hard magnetic material which has the 
following empirical formula and is characterized by residual magnetization (Ir) being the thing of 100 or 
more emu/g. 

While TxMyRzBw, however T express one or more sorts of elements among Fe, Co, and nickel, M 
expresses one or more sorts of elements among Zr, Nb, Ta, and Hf and R expresses one or more sorts of 
elements among rare earth elements, x which shows a presentation ratio, and y, z and w are atomic %s, and 
are 50<=x f 0<=y<=15, 3<=z<=20, and 3<=w<=20. 

[Claim 10] x which shows a presentation ratio in said empirical formula, and y, z and w are a hard magnetic 
material according to claim 9 characterized by being atomic % and being 86<=x<=92, 0.5<=y<=3, 3<=z<=7, 
and 3<=w<=7. 

[Claim 11] A hard magnetic material according to claim 1 to 8 is a hard magnetic material characterized by 
having the following empirical formula. 



TxMyRzBwEv, however T express one or more sorts of elements among Fe, Co, and nickel. M expresses 
one or more sorts of elements among Zr ( Nb, Ta, and Hf, and R expresses one or more sorts of elements 
among rare earth elements. While E expresses one or more sorts of elements among Cr f aluminum, Pt, Ru, 
Rh, Pd, Os, Ir, Cu, Ag, Au, Ga, and germanium, x which shows a presentation ratio, and y, z, w and v are 
atomic %s, and are 50<=x, 0<=y<=10 ? 3<=z<=15, 3<=w<=20 t and 0<=v<=10. 

[Claim 12] x which shows a presentation ratio in said empirical formula, and y, z, w and v are a hard 
magnetic material according to claim 1 1 characterized by being atomic % and being 80<=x<=92, 1<=y<=5, 
4<=z<=1 0, 3<=w<=7, and 0<=v<=5. 

[Claim 13] A hard magnetic material characterized by coming to carry out 0.5- pentatomic % addition of the 
Si in T element substitute in a hard magnetic material according to claim 1 to 12. 

[Claim 14] A manufacture method of a hard magnetic material characterized by having a process which 
heat-treats this alloy with the above programming rate by 10K/after producing an alloy which makes an 
amorphous phase the main phase with a melt quenching method including one or more sorts of elements T, 
and elements R and B which consist of one or more sorts in rare earth elements among Fe t Co, and nickel. 
[Claim 15] A manufacture method of a hard magnetic material characterized by depositing a fine crystalline 
phase of 100nm or less of diameters of average crystal grain as a main phase in this alloy by heat-treating 
an alloy which makes the main phase an amorphous phase produced with a melt quenching method in a 
manufacture method of a hard magnetic material according to claim 14 with the above programming rate by 
10K/. 

[Claim 1 6] A manufacture method of a hard magnetic material characterized by heat-treating an alloy 
which makes the main phase an amorphous phase obtained by melt quenching method in a manufacture 
method of a hard magnetic material according to claim 14 to 15 with the above programming rate by 100K/. 
[Claim 1 7] A manufacture method of a hard magnetic material characterized by heat-treating an alloy 
which makes the main phase an amorphous phase which has the following empirical formula in a 
manufacture method of a hard magnetic material according to claim 14 to 16. 
While TxMyRzBw, however T express one or more sorts of elements among Fe, Co, and nickel, M 
expresses one or more sorts of elements among Zr, Nb, Ta, and Hf and R expresses one or more sorts of 
elements among rare earth elements, x which shows a presentation ratio, and y, z and w are atomic %s, and 
are 50<=x, 0<=y<=15, 3<=z<=20, and 3<=w<=20. 

[Claim 1 8] x which shows a presentation ratio in said empirical formula, and y, z and w are the manufacture 
method of a hard magnetic material according to claim 17 characterized by being atomic % and being 
86<=x<=92, 0.5<=y<=3, 3<=z<=7, and 3<=w<=7. 

[Claim 19] A manufacture method of a hard magnetic material characterized by heat-treating an alloy 
which makes the main phase an amorphous phase which has the following empirical formula in a 
manufacture method of a hard magnetic material according to claim 14 to 16. 

TxMyRzBwEv, however T express one or more sorts of elements among Fe, Co, and nickel. M expresses 
one or more sorts of elements among Zr, Nb, Ta, and Hf, and R expresses one or more sorts of elements 
among rare earth elements. While E expresses one or more sorts of elements among Cr, aluminum, Pt, Ru, 
Rh, Pd, Os, Ir, Cu, Ag, Au f Ga f and germanium, x which shows a presentation ratio, and y, z, w and v are 
atomic %s, and are 50<=x, 0<=y<=10, 3<=z<=15, 3<=w<=20, and 0<=v<=10. 

[Claim 20] x which shows a presentation ratio in said empirical formula, and y, z, w and v are the 
manufacture method of a hard magnetic material according to claim 1 9 characterized by being atomic % and 
being 80<=x<=92, 1<=y<=5, 4<=z<=10, 3<=w<=7, and 0<=v<=5. 

[Claim 21] A manufacture method of a hard magnetic material characterized by heat-treating an alloy 
which did 0.5- pentatomic % addition of Si in T element substitute into an alloy which makes said 
amorphous phase the main phase in a manufacture method of a hard magnetic material according to claim 
14 to 20. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the hard magnetic material 
excellent in the magnetic engine performance which can be used for sensors, such as a magnetic type 
encoder and a potentiometer, a motor, an actuator, a loudspeaker, etc., and its manufacture method. 
[0002] 

[Description of the Prior Art] As a magnet material which generally has the engine performance superior to 
a ferrite magnet or an Alnico alloy (A1-nickel-Co-Fe system), the Sm-Co system magnet, the Nd-Fe-B 
system magnet, etc. are known, and also many researches of an alloy magnet with a new Sm-Fe-N system 
magnet etc. are also made aiming at the high engine performance. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in these magnet materials, since Nd beyond 10at% or 
Sm beyond 8at% was required and there was much amount of the expensive rare earth elements used, 
there was a defect that a manufacturing cost will become high rather than a ferrite magnet or an alnico 
magnet. Furthermore, since a Nd-Fe-B system magnet had a large change of the magnetic properties by 
temperature, it had the problem that it could not be used as a sensor. Moreover, although the Sm-Co 
system magnet was a magnet with the small absolute value of the temperature coefficient of magnetization, 
since it was a magnet more expensive than a Nd-Fe-B system magnet, the range which can be used was 
restricted. On the other hand, although cost was low compared with the rare earth magnet as mentioned 
above, since the absolute value of the temperature coefficient of magnetization was large, the ferrite 
magnet had the problem that it could not be used as a sensor. Moreover, although cost was low, since 
coercive force was small, utilization was difficult [ the absolute value of the temperature coefficient of 
magnetization of the Alnico alloy (A1-nickel~Co-Fe system) magnet was small, and ]. For this reason, it 
had ********** more than a ferrite magnet at least by low cost, and an appearance of the magnet material 
in which the temperature characteristic was further excellent was desired. 

[0004] Then, invention-in-this-application persons are performing patent application in Japanese Patent 
Application No. No. 68822 [ eight to ], Japanese Patent Application No. 8-242356, etc., in order to obtain 
the hard magnetic material which shows high ********** by low cost. The element M which according to 
the technology indicated by such patent application uses Fe as a principal component and consists of one 
sort or two sorts or more in Zr, Nb, Ta, and Hf After producing the amorphous alloy containing the 
elements R and B which consist of one sort in rare earth elements, or two sorts or more using a melt 
quenching method, this amorphous alloy is heat-treated at 600-900 degrees C. By depositing the fine 
crystal phase of "lOOnm or less of diameters of average crystal grain which make a subject Fe of bcc, and 
the compound of Fe-B and/or R2Fe 14B1 The hard magnetic material 170 - 400 kA/m and the maximum 
magnetic energy product ((BH) max) indicate [ residual magnetization (Ir) / 0.8-1. 3T, and coercive force 
(iHc) ] the comparatively high ********** of 60 - 1 10 kJ/m3 to be can be manufactured. By the radical of 
research of the above alloys, this invention persons The programming rate of the alloy which makes an 
amorphous phase the main phase as a result of repeating various examination and experiments by low cost 
paying attention to the programming rate at the time of heat-treating the alloy which makes the amorphous 
phase after quenching the main phase especially, in order to manufacture the hard magnetic material 



excellent in **********, With the nano crystal structure (especially diameter of crystal grain of a bcc-Fe 
phase) of a fine crystal phase and ********** which deposit by heat treatment, it discovered that there 
was correlation and this invention was reached. Furthermore, in order to manufacture the hard magnetic 
material excellent in the temperature characteristic, as a result of repeating various examination and 
experiments, this invention persons discovered that a permeance coefficient (p) and the temperature 
coefficient of magnetization had correlation, and reached this invention. 

[0005] It aims at enabling it to offer the hard magnetic material which this invention was made in view of 
the above-mentioned situation, was equipped with ********** excellent in low cost at least, and was 
equipped with the further excellent temperature characteristic. 
[0006] 

[Means for Solving the Problem] Among Fe, Co, and nickel, including one or more sorts of elements T, and 
the elements R and B which consist of one or more sorts in rare earth elements, it came to heat-treat an 
alloy which makes an amorphous phase the main phase immediately after quenching with the above 
programming rate by 1 0K/ t and this invention made a hard magnetic material whose coercive force is 1 or 
more kOes a solution means of the above-mentioned technical problem. Moreover, it came to heat-treat 
an alloy which makes an amorphous phase the main phase immediately after quenching with the above 
programming rate by 10K/, and this invention made a hard magnetic material whose coercive force which 
comes to contain a software magnetism phase of 1 or less kOe of coercive force and a hard magnetism 
phase of 1 or more kOes of coercive force more than 10vol(s)(volume) %, respectively is 1 or more kOes a 
solution means of the above-mentioned technical problem. Moreover, a magnetic phase and Curie 
temperature of 600 degrees C or more made a hard magnetic material whose coercive force in which come 
to heat-treat an alloy with which this invention makes an amorphous phase the main phase immediately 
after quenching with the above programming rate by 10K/, and Curie temperature comes to contain a 
magnetic phase of 600 degrees C or less more than 1 0vol(sXvolume) %, respectively is 1 or more kOes a 
solution means of the above-mentioned technical problem. 

[0007] As for a hard magnetic material obtained after heat-treating an alloy which makes an amorphous 
phase the main phase immediately after the above-mentioned quenching with the above programming rate 
by 10K/, it is desirable that a fine crystalline phase of 100nm or less of diameters of average crystal grain 
is included as a main phase. As for an alloy which makes an amorphous phase the main phase immediately 
after the above-mentioned quenching, it is desirable to be heat-treated with the above programming rate 
by 100K/. As for a hard magnetic material of the above-mentioned configuration, it is desirable that an 
absolute value of a temperature coefficient of magnetization when using it in a configuration from which a 
permeance coefficient becomes ten or more is as follows [ 0.10% / K ]. As for a hard magnetic material of 
the above-mentioned configuration, it is desirable that coercive force is the thing of 2 or more kOes. As for 
a hard magnetic material of the above-mentioned configuration, it is desirable that they are [ of residual 
magnetization (Ir) to saturation magnetization (Is) ] 0.6 or more things comparatively (Ir/Is). 
[0008] A hard magnetic material of the above-mentioned configuration has the following empirical formula, 
and it is desirable that residual magnetization (Ir) is the thing of 100 or more emu/g. 
While TxMyRzBw, however T express one or more sorts of elements among Fe, Co, and nickel, M 
expresses one or more sorts of elements among Zr, Nb, Ta, and Hf and R expresses one or more sorts of 
elements among rare earth elements, x which shows a presentation ratio, and y, z and w are atomic %s, and 
are 50<=x, 0<=y<=15, 3<=z<=20, and 3<=w<=20. Furthermore, x which shows a presentation ratio in the 
above-mentioned empirical formula, and y, z and w are atomic %s t and it is desirable that it is 86<=x<=92, 
0.5<=y<=3, 3<=z<=7, and 3<=w<=7. 

[0009] Moreover, a hard magnetic material of the above-mentioned configuration may have the following 
empirical formula. 

TxMyRzBwEv, however T express one or more sorts of elements among Fe, Co, and nickel. M expresses 
one or more sorts of elements among Zr, Nb, Ta, and Hf, and R expresses one or more sorts of elements 
among rare earth elements. While E expresses one or more sorts of elements among Cr, aluminum, Pt, Ru, 
Rh, Pd, Os, Ir, Cu, Ag, Au, Ga f and germanium, x which shows a presentation ratio, and y, z, w and v are 



atomic %s, and are 50<=x, 0<=y<=10, 3<=z<=15, 3<=w<=20, and 0<=v<=10. Furthermore, x which shows a 
presentation ratio in the above-mentioned empirical formula, and y f z, w and v are atomic %s, and it is 
desirable that it is 80<=x<=92, 1<=y<=5, 4<=z<=10, 3<=w<=7, and 0<=v<=5. Moreover, 0.5- pentatomic % 
addition of Si may be done in T element substitute at a hard magnetic material of this invention. 
[0010] In order to solve the above-mentioned technical problem a manufacture method of a hard magnetic 
material of this invention The element R which consists or more of one of one or more sorts of Elements T 
and rare earth elements of Fe, Co, and the nickel By having a process which heat-treats this alloy with the 
above programming rate by 10K/, after producing an alloy which makes an amorphous phase the main 
phase with a melt quenching method including B A diameter of average crystal grain of a bcc-Fe phase of a 
fine crystalline phase which deposits in the above-mentioned alloy makes it detailed. The switched 
connection property of a software magnetism phase (bcc(body-centered cubic structure)-Fe) and a hard 
magnetism phase (R2Fe14B) improves by this. Residual magnetization (Ir), a square shape ratio (Ir/Is), 
coercive force (iHc), and the maximum magnetic energy product ((BH) max) increase, and a hard magnetic 
material excellent in ********** is obtained. 

[0011] Moreover, in a manufacture method of a hard magnetic material of the above-mentioned 
configuration, it is desirable to deposit a fine crystalline phase of 100nm or less of diameters of average 
crystal grain as a main phase in an alloy by heat-treating an alloy which makes the main phase an 
amorphous alloy produced with a melt quenching method with the above programming rate by 10K/. 
Furthermore, in a manufacture method of a hard magnetic material of the above-mentioned configuration, it 
is desirable to consider a programming rate at the time of heat-treating an alloy which makes the main 
phase an amorphous phase obtained by melt quenching method as the above by 100K/. 
[0012] It is desirable to use an alloy which makes the main phase an amorphous phase which has the 
following empirical formula as an alloy heat-treated with the above-mentioned programming rate. 
While TxMyRzBw, however T express one or more sorts of elements among Fe, Co, and nickel, M 
expresses one or more sorts of elements among Zr, Nb, Ta, and Hf and R expresses one or more sorts of 
elements among rare earth elements, x which shows a presentation ratio, and y, z and w are atomic %s, and 
are 50<=x, 0<=y<=15, 3<=z<=20, and 3<=w<=20. x which shows a presentation ratio in an empirical formula 
of an alloy used here, and y, z and w are atomic %s f and it is desirable that it is 86<=x<=92, 0.5<=y<=3, 
3<=z<=7, and 3<=w<=7. 

[0013] Moreover, an alloy which makes the main phase an amorphous phase which has the following 
empirical formula as an alloy heat-treated with the above-mentioned programming rate may be used. 
TxMyRzBwEv, however T express one or more sorts of elements among Fe, Co, and nickel. M expresses 
one or more sorts of elements among Zr, Nb, Ta, and Hf, and R expresses one or more sorts of elements 
among rare earth elements. While E expresses one or more sorts of elements among Cr, aluminum, Pt, Ru, 
Rh, Pd, Os, Ir, Cu, Ag, Au, Ga, and germanium, x which shows a presentation ratio, and y, z, w and v are 
atomic %s, and are 50<=x, 0<=y<=10, 3<=z<=15, 3<=w<=20, and 0<=v<=10. x which shows a presentation 
ratio in an empirical formula of an alloy used here, and y, z, w and v are atomic %s, and it is desirable that it 
is 80<=x<=92, 1<-y<=5, 4<=z<=10, 3<=w<=7, and 0<=v<=5. Moreover, an alloy which did 0.5- pentatomic % 
addition of Si in T element substitute may be used for an alloy which makes an amorphous phase of the 
above-mentioned presentation the main phase as an alloy heat-treated with the above-mentioned 
programming rate. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained in detail. It 
comes to heat-treat the alloy with which the hard magnetic material concerning this invention makes an 
amorphous phase the main phase immediately after quenching including one or more sorts of elements T, 
and the elements R and B which consist of one or more sorts in rare earth elements among Fe, Co, and 
nickel with the above programming rate by 10K/, and coercive force is the thing of 1 or more kOes. The 
hard magnetic material obtained after heat treatment with the above programming rate by 10K/in the alloy 
which makes the above-mentioned amorphous phase the main phase contains the fine crystalline phase of 
100nm or less of diameters of average crystal grain as a main phase. As for this fine crystalline phase, the 



bcc-Fe phase of 100nm or less of diameters of average crystal grain and the R2Fe14 B phase of 100nm or 
less of diameters of average crystal grain deposit. Moreover, this hard magnetic material forms the nano 
diplophase organization of the fine crystalline phase which makes a subject a bcc-Fe phase, above- 
mentioned R2Fe14 B phase, and above-mentioned Fe3 B phase, and the amorphous phase which remained. 
[0015] Furthermore, as for the hard magnetic material of this invention, it is desirable to come to contain 
the software magnetism phase of 1 or less kOe of coercive force and the hard magnetism phase of 1 or 
more kOes of coercive force more than 10vol(s)(volume) %, respectively at the point which can be equipped 
with the middle property of a software magnetism phase and a hard magnetism phase. Although the 
coercive force of an alloy becomes it large that the software magnetism phase of 1 or less kOe of coercive 
force is under 10vol(s)(volume) %, since the concentration of rare earth elements required to constitute a 
hard magnetism phase becomes high, it is not desirable. Moreover, since the coercive force of an alloy 
becomes it small that the hard magnetism phase of 1 or more kOes of coercive force is under 
10vol(s)(volume) %, it is not desirable. 

[0016] moreover, the point that it can be equipped with the middle property of a software magnetism phase 
and a hard magnetism phase that the magnetic phase and Curie temperature of 600 degrees C or more 
come for Curie temperature to contain [ the hard magnetic material of this invention ] the magnetic phase 
of 600 degrees C or less more than 10vol(s)(volume) %, respectively — ** — it is desirable. Since the 
Curie temperature of a bcc-Fe phase is near 770 degree C and the Curie temperature of R2Fe14 B phase 
is near 315 degree C, in order for it to have two phases of the software magnetism phase and hard 
magnetism phase to which the hard magnetic material of this invention participates in magnetization and 
which are a phase, the magnetic phase and Curie temperature of 600 degrees C or more need to contain 
[ Curie temperature ] the magnetic phase of 600 degrees C or less. The temperature change of the 
absolute value of magnetization of each magnetic phase can have the feature that the temperature change 
of the magnetization by the high permeance becomes small, if the one where the Curie temperature of the 
phase is higher is small and contains the phase (software magnetism phase) with a high Curie temperature 
more than 1 0vol(sXvolume) % in this way. Since the temperature change of the magnetization when using 
that it is under 10vol(s)(volume) % by the comparatively high permeance becomes large, the magnetic phase 
of 600 degrees C or more does not have a desirable Curie temperature. Moreover, since a hard magnetism 
phase decreases that Curie temperature is [ the magnetic phase of 600 degrees C or less ] under 
10vol(s)(volume) %, coercive force becomes low and is not desirable. 

[001 7] As for the alloy which makes an amorphous phase the main phase immediately after the above- 
mentioned quenching, in the hard magnetic material concerning this invention, it is desirable to be heat- 
treated with the above programming rate by 100K/at the point which makes fine the diameter of average 
crystal grain of bcc-Fe, and raises **********. 

[0018] By the way, the property of a magnet material is expressed by the portion of the 2nd quadrant of a 
hysteresis curve, i.e., a demagnetization curve. Since the magnet material after magnetization is the 
magnetic field of the reverse sense which own residual magnetization builds, and under an anti-magnetic 
field, the operating point (the flux density (B) and the demagnetizing field (H) of a material) is given by one 
point p on a demagnetization curve. The line (OP) between a permeance coefficient (p), and p and Zero O 
is called a permeance line for the value (non-dimensionality) of B/mu OH here. If this permeance 
coefficient (p) or a permeance line will become small if magnetization lay length becomes short depending 
on a magnetic configuration, and it becomes long, it will become large. Between a permeance coefficient 
and a demagnetization factor (N), it is the following type (I). 
p=(1-N)/N ... (I) 

It comes out and there is relation shown. Therefore, if the configurations of a demagnetization curve and a 
magnet material are given, the operating point (B, H) will be determined. The energy of a static magnetic 
field which the magnet material builds outside is the following type (II). 
U=BHV/2 ... (II) 

( — V is given by volume) of a magnetic material among a formula. If the configuration of a magnet material 
changes, since an anti-magnetic field, i.e., a permeance line, will change, the operating point p changes and 



the value of Above U changes. The value of U serves as max in a certain operating point pm the middle, 
and the product of (BH) at that time is the maximum magnetic energy product ((BH) max). 
[0019] When using the hard magnetic material concerning this invention for a sensor etc., it is desirable 
that the absolute value of the temperature coefficient of the magnetization when using it by ten or more 
permeance coefficients is as follows [ 0.10% / K ]. It is desirable to use the thing (what has the small 
temperature change of magnetization), i.e., what, has the small absolute value of the temperature 
coefficient of magnetization and in which the temperature characteristic is excellent, when using a hard 
magnetic material for a sensor etc. Since the absolute value of the temperature coefficient of the 
magnetization when using the hard magnetic material of this invention in a configuration from which a 
permeance coefficient becomes ten or more becomes small below 0.10% / K It can be used suitable for a 
sensor etc., and if a permeance coefficient uses it in less than ten configuration, the absolute value of the 
temperature coefficient of magnetization wNI become large. Moreover, as for the hard magnetic material of 
this invention, it is more desirable to use it in a configuration from which a permeance coefficient becomes 
20 or more at the point that the absolute value of the temperature coefficient of magnetization becomes 
below 0.08% / K. 

[0020] The hard magnetic material of this invention excellent in such the temperature characteristic By Co 
being made to be contained in 0.5 - pentatomic % (at%) addition or T element in Si element T element 
substitute 0.5 to 20% so that it may mention later The absolute value of the temperature coefficient of the 
magnetization at the time or more of p= 10 can realize a small thing below 0.10% / K to the magnet (the 
temperature coefficient at the time of p= 10 - 0.1 1 — 0.13%/K) of the conventional Nd-Fe-B system. 
Furthermore, the hard magnetic material of this invention is cheaper than the Sm-Co system magnet with 
which the temperature characteristic is used as a good thing from the former greatly [ coercive force ] 
from the ferrite magnet or the alnico magnet. 

[0021] Furthermore, as for the hard magnetic material concerning this invention, it is desirable that 
coercive force is the thing of 2 or more kOes. Moreover, as for the hard magnetic material concerning this 
invention, it is desirable that it comes out comparatively and a certain square shape ratios (Ir/Is) are [ of 
the residual magnetization (Ir) to saturation magnetization (Is) ] 0.6 or more things. Here, the saturation 
magnetization (Is) in this invention is a value in case magnetization of a sample is saturated mostly, when a 
magnetization curve is measured under a sufficiently high external magnetic field. Control of the diameter 
of average crystal grain of the crystalline substance phase in the above hard magnetic materials and the 
concentration of each atom in each phase is realizable by controlling the heat treatment conditions at the 
time of heat-treating an amorphous alloy and obtaining a hard magnetic material. Heat treatment conditions 
are a programming rate, heat treatment temperature (annealing temperature), its holding time, etc. 
[0022] The hard magnetic material concerning this invention can be expressed with the following empirical 
formulas. 

T in the TxMyRzBw above-mentioned empirical formula expresses one or more sorts of elements among 
Fe, Co, and nickel. These elements are the principal components of the hard magnetic material concerning 
this invention, and are elements which bear magnetism. If the presentation ratio x of T is made to increase, 
saturation magnetization (Is) will increase in connection with it. In order to realize high residual 
magnetization (Ir) of 100 or more emu/g, 130 emu/g at least needs saturation magnetization (Is), it is 
desirable to make concentration of T more than 50at%, for filling this, and in order to obtain the still higher 
residual magnetization (Ir) of 120 or more emu/g, as for the concentration of T, it is desirable that it is a 
range beyond 86at% preferably 80at(s)%. Moreover, in order to obtain outstanding **********, as for the 
concentration of T, considering as less than [ 92at% ] is desirable. In the hard magnetic material of this 
invention, it is required to contain Fe as some elements [ at least ] T. In addition, if the densities of the 
sample in the example of this invention are about 7.6 g/cm3, for example, are 100 emu/g, they are 
convertible with 100(emu/g) x4pix7.6(g/cm3) x0.0001=0.95(T), so that it may mention later. Therefore, 
when it writes by emu/g, it can be regarded as magnetization of the material proper. 

[0023] M in the above-mentioned empirical formula expresses one or more sorts of elements among Zr, Nb, 
Ta, and Hf, and these elements have high amorphous organization potency. In the hard magnetic material 



concerning this invention, by adding M, also when rare earth elements (R) are low concentration, an 
amorphous phase can be formed. If the presentation ratio y of M is made to increase in rare-earth- 
elements (R) substitute, although residual magnetization (Ir) increases in connection with it, coercive force 
(iHc) will decline and it will change from ********** to soft magnetic characteristics. Moreover, if an 
amorphous formation element (M) is made to increase in the element (T) substitute which bears magnetism, 
reduction of saturation magnetization (Is) and residual magnetization (Ir) will arise. Therefore, in order to 
obtain good **********, it is desirable less than [ more than 0at%15at% ] and to make concentration (y) of 
M into the range not more than more than 0.5at%3at% preferably. 

[0024] R in the above-mentioned empirical formula expresses one or more sorts of elements of the rare 
earth metals (Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu). Intermetallic- 
compound R2Fe 14B1 which deposits when the amorphous alloy containing R, and Fe and B is heated at a 
suitable temperature of the range of 873-1 1 73K gives ********** excellent in the, material of this 
invention. If the presentation ratio z of R is made to increase, saturation magnetization (Ir) will decrease in 
connection with it. In order to obtain the high residual magnetization (Ir) of 100 or more emu/g, 130 emu/g 
at least needs saturation magnetization (Is), and it is desirable for filling this less than [ 20at% ] and to 
make concentration (z) of R into the range not more than 7at% preferably. Moreover, it is an element which 
is easy to form an amorphous substance, and since it cannot obtain a good amorphous phase or a fine 
crystalline phase if the presentation ratio of R of R is too small, it is desirable [ R ] to carry out to more 
than 3at% as concentration of R. If a part or all of R is furthermore constituted from Nd and/or Pr, still 
higher ********** will be obtained. 

[0025] B in the above-mentioned empirical formula is an element which is easy to form an amorphous 
substance. Moreover, compound R2Fe14B which deposits when the amorphous phase containing Fe and B 
is heat-treated at a suitable temperature of the range of 873-1 173K gives ********** to the material of 
this invention. In order to obtain a good amorphous phase or a fine crystalline phase, it is desirable to make 
concentration of B into the range beyond 3at%, but since saturation magnetization (Is), residual 
magnetization (Ir), and coercive force (iHc) decrease with the increment in the presentation ratio (w) of B, 
in order to obtain good **********, it is desirable less than [ 20at% ] and to make concentration of B into 
the range not more than 7at% preferably. 

[0026] Moreover, one or more sorts of elements E may be added by the hard magnetic material of this 
invention among Cr, aluminum, Pt, Ru, Rh, Pd, Os, Ir, Cu ( Ag, Au, Ga, and germanium, and the hard magnetic 
material in that case can be expressed with the following empirical formula to it. TxMyRzBwEv — as for 
the concentration x of the element T which bears the magnetism in this case, it is desirable to carry out to 
more than 50at% at the point to which saturation magnetization (Is) is made to increase in order to obtain 
the high residual magnetization of 100 or more emu/g, in order to be compatible in the still higher residual 
magnetization (Ir) of 120 or more emu/g, and outstanding **********, less than [ more than 80at%92at% ] 
is desirable, and it is less than [ more than 86at%92at% ] more preferably. In order to obtain good 
**********, it is less than [ more than 1at%5at% ] more preferably, and less than [ more than 0at%10at% ] 
and in order to realize high residual magnetization (Ir) of 120 or more emu/g, it is preferably desirable [ the 
concentration of M in the above-mentioned empirical formula ] to consider as less than [ more than 
0.5at%3at% ]. 

[0027] In order to obtain an amorphous phase good in order to give ********** excellent in the material of 
this invention, or a fine crystalline phase, it is less than [ more than 4at%10at% ] more preferably, and less 
than [ more than 3at%15at% ] and in order to realize high residual magnetization (Ir) of 120 or more emu/g, 
it is preferably desirable [ the concentration of R in the above-mentioned empirical formula ] to consider 
as less than [ more than 3at%7% ]. In order to obtain a good amorphous phase or a fine crystalline phase, as 
for the concentration of B in the above-mentioned empirical formula, it is desirable to carry out to more 
than 3at%. moreover — in order to obtain good ********** — the concentration of B — desirable — less 
than [ 20at% ] — it may be less than [ 7at% ] more preferably. The corrosion resistance of a hard magnetic 
material improves by adding Element E. however — since ********** will deteriorate if the concentration 
of Element E is too high — the concentration of E — desirable — less than [ 10at% ] — it may be less 



than [ 5at% ] more preferably, moreover — in order to acquire the outstanding corrosion resistance — 
Element E — at least — more than 1at% — adding is desirable. Moreover, it is more desirable not to add E, 
in order to attain the high residual magnetization (Ir) of 120 or more emu/g. 

[0028] Moreover, in the hard magnetic material of this invention, if it carries out as [ contain / in addition 
to Fe / in T element / Co ], the absolute value of the temperature coefficient of the magnetization when 
using it in a configuration from which a permeance coefficient (p) becomes ten or more especially can be 
made small. Since the content of Co element results in change to the raw material cost of an alloy, and the 
magnitude of magnetization, as for the rate of Co element occupied in the whole T element, it is preferably 
desirable to consider as 20% or less of range 5% or more still more preferably 20% or less 0.5% or more more 
preferably, and to set up suitably according to a presentation, heat treatment conditions, etc. of an alloy 
50% or less. 

[0029] Moreover, in the hard magnetic material of this invention, if Si element is added in T element , 
substitute, the absolute value of the temperature coefficient of the magnetization when using it in a 
configuration from which magnetic properties especially coercive force (iHc), and the maximum magnetic 
energy product ((BH) max) are further raised, and a permeance coefficient (p) becomes ten or more can be 
made low. Since the presentation ratio of T element becomes low and the magnetic properties of a hard 
magnetic material will fall on the contrary if many [ too ], as for the addition of Si element, it is preferably 
desirable less than [ more than 0.5at%5at% ] and to consider as the range not more than more than 
0.5at%3at% more preferably, and to set up suitably according to a presentation, heat treatment conditions, 
etc. of an alloy. Thus, especially the hard magnetic material by which coercive force and the temperature 
characteristic have been improved is suitably used as the magnet for small motors, and a sensor. 
[0030] Next, the hard magnetic material concerning this invention can be manufactured as follows. The 
method by the melt quenching method, or sputtering and CVD methods, such as the method of spraying 
and quenching a molten metal to a rotating drum, and forming in thin band-like one and the method of 
spouting a molten metal in the gas for cooling, quenching in the state of a drop, and forming in the shape of 
powder, etc. can be used for the method of obtaining the above amorphous alloys. Moreover, when 
acquiring the consolidation object which can perform heat treatment to the above-mentioned amorphous 
alloy using the heating means of arbitration, for example, consists of a hard magnetic material of this 
invention, while making an amorphous alloy into the shape of powder first and carrying out pressing of the 
end of an alloy powder with a hotpress, the method of heat-treating at a suitable programming rate and 
heat treatment temperature (annealing temperature) can be used preferably. 

[0031] By 10K/, above, the programming rate at the time of heat treatment is the above range by 100K/, 
and is preferably set up with the presentation of an amorphous alloy. Since the switched connection 
property of a software magnetism phase (bcc(body-centered cubic structure)-Fe) and a hard magnetism 
phase (R2Fe14B) falls in order that the crystal grain which deposits in an alloy that the programming rate 
at the time of heat treatment is the following by 10K/by heat treatment may make it big and rough, and 
********** deteriorates, it is not desirable. Moreover, formation of a more uniform detailed organization is 
attained by making the programming rate at the time of heat treatment into the above range by 100K/. In 
addition, as a maximum of a programming rate, it may be about a 200K/minute from the constraint on 
equipment. 

[0032] the heat treatment temperature at the time of heat treatment (annealing temperature) — desirable 
— 873K-1 1 73K — it is more desirable and the range of 973K-1 023K and the holding time (heat treatment 
time amount) are desirable, and it is a range for 3-10 minutes more preferably, and is preferably set up 
with the presentation of an amorphous alloy for 1 to 20 minutes. Since there are few amounts of deposits 
of the R2Fe14 B phase which bears ********** as heat treatment temperature is less than 873K, 
sufficient ********** is not obtained, and it is not desirable. On the other hand, if heat treatment 
temperature exceeds 1 173K, since other sludges will deposit, or big and rough-ization of crystal grain will 
start and ********** will fall, it is not desirable. 

[0033] x which a presentation is TxMyRzBw and shows a presentation ratio as the above-mentioned 
amorphous alloy, and y, z and w use what is satisfied with atomic % of 50<=x, 0<=y<=15, 3<=z<=20, and the 



relation it is unrelated 3 <=w<=20, By using what is more preferably satisfied with atomic % of 86<=x<=92, 
0.5<=y<=3, 3<=z<=7, and the relation it is unrelated 3 <=w<=7 Since the compound which gives ********** 
from a good amorphous phase being obtained in the state of quenching, and being heat-treated with the 
above programming rate by 10K/after this deposits even if the concentration of rare earth elements is low, 
the hard magnetic material which has ********** excellent in low cost can be obtained. Moreover, as the 
above-mentioned amorphous alloy, a presentation is TxMyRzBwEv, x which shows a presentation ratio, and 
y, z, w and v are atomic %s, and it is desirable at the point which can equip also with corrosion resistance 
the hard magnetic material obtained after heat treatment to use what satisfies 50<=x, 0<=y<=10, 3<=z<=15, 
3<=w<=20, and the relation it is unrelated 0 <=v<=10. Moreover, x which shows the presentation ratio in an 
empirical formula here, and y f z, w and v are atomic %s, and can obtain ********** in which ********** 
was more excellent by satisfying 80<=x<=92, 1<=y<=5, 4<=z<=10, 3<=w<=7, and the relation it is unrelated 0 
<=v<=5. 

[0034] Moreover, the absolute value of the temperature coefficient of magnetization when using the thing 
which did 0.5- pentatomic % addition of Si element in T element substitute, or the thing which included Co 
in T element in addition to Fe as the above-mentioned amorphous alloy uses the hard magnetic material 
obtained after heat treatment in the configuration from which a permeance coefficient becomes ten or 
more is desirable at the point that the following [ 0.10% / K ] can be obtained. 

[0035] Thus, if it is in the obtained hard magnetic material By heat-treating the alloy which makes an 
amorphous phase the main phase immediately after the above-mentioned quenching especially with the 
above programming rate by 10K/ The difference of the crystallization temperature of R2Fe14 B phase and 
the crystallization temperature of a bcc-Fe phase is small. Since the inclination which can crystallize 
simultaneously a bcc-Fe phase and R2Fe14 B phase is strong, it can prevent that one of crystal phases 
make it big and rough, and the diameter of average crystal grain of the bcc-Fe phase of a fine crystalline 
phase and R2Fe14 B phase which deposits in the above-mentioned alloy can be made detailed. 
Furthermore, from a bcc-Fe phase, since the diameter of average crystal grain is greatly dependent on a 
programming rate from a bcc-Fe phase a small top, R2Fe14 B phase The probability for the particle of 
bcc-Fe and the particle of R2Fe14B to adjoin each other by considering the programming rate at the time 
of heat treatment as the above by 10K/increases. Since the switched connection of a software magnetism 
phase (bcc(bddy-centered cubic structure)-Fe) and a hard magnetism phase (R2Fe14B) becomes is easy 
to be performed, a switched connection property improves. Residual magnetization (Ir), a square shape 
ratio (Ir/Is), coercive force (iHc), and the maximum magnetic energy product ((BH) max) increase, and 
outstanding ********** is obtained. Specifically, the hard magnetic material which has the residual 
magnetization beyond 1T (Ir), the hard magnetic material which has the coercive force (iHc) of 1 or more 
kOes, and the outstanding hard magnetic material to which 0.6 or more hard magnetic materials and the 
maximum magnetic energy product ((BH) max) exceed [ a square shape ratio (Ir/Is) ] 60 kJ/m3 are 
realizable. 

[0036] Furthermore, since ********** which was excellent even if it lessened the content of rare earth 
elements R is obtained, the hard magnetic material concerning this invention can be manufactured with a 
comparatively low manufacturing cost. Moreover, if it is in the hard magnetic material concerning this 
invention, the absolute value of the temperature coefficient of the magnetization when using Si element in 
the configuration from which a permeance coefficient becomes ten or more by Co being made to be 
contained in 0.5 - pentatomic % addition or T element in addition to Fe 0.5 to 20% in T element substitute 
can realize the following [ 0.10% / K ], and can raise the temperature characteristic. Therefore, the hard 
magnetic material concerning this invention can be used suitable for sensors, such as a magnetic type 
rotary encoder and a potentiometer, an actuator, a loudspeaker, a motor, etc. 
[0037] 
[Example] 

(Example 1 of an experiment) It faced heat-treating the quenching thin band alloy of various presentations 
as follows, the programming rate was changed, and the hard magnetic material was produced. First, the 
quenching thin band alloy with a thickness of about 20 micrometers was produced by producing an ingot 



with an arc solution process and blowing off the metal which dissolved on Cu roll which is rotating in Ar 

ambient atmosphere from the narrow width nozzle of 0.3mm of slit The density of the obtained 

quenching thin band alloy was 7.6 g/cm3. Subsequently, it investigated about the effect affect the magnetic 

properties and the nano crystal structure of a thin band alloy sample which are heat-treated and acquired 

on the conditions which heat the obtained quenching thin band alloy by part for a programming rate 3 - 

216K/all over the infrared image furnace of 1x10 - 2 or less Pa t and are held for about 180 seconds by 

973K or 1023K. Fe88Nb2Pr5 B5 which each presentation of the thin band alloy sample obtained here has 

within the limits of this invention — the thin band alloy of a presentation, and Fe88Nb2Nd5 B5 — it was 

the thin band alloy of a presentation. A result is shown in the following table 1 - a table 4. In addition, Ir/Is 

is the rate of the residual magnetization to saturation magnetization among a table 1 - a table 4. 

[0038] The magnetic properties of the obtained thin band alloy sample were measured at the room 

temperature all over the impression magnetic field of 15kOe using VSM (oscillating sample mold 

magnetometer). Although magnetization may not be saturated with the impression magnetic field of 15kOe 

depending on a sample, in this explanation, it was dealt with as saturation magnetization as what is 

saturated mostly. Moreover, analysis of the nano crystal structure was performed by calculating the lattice 

constant of a bcc-Fe phase from an X diffraction peak, and calculating the diameter of average crystal 

grain of a bcc-Fe phase using the formula of SHIERA from the half peak width of an X diffraction peak. 

[0039] 
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[0040] 
[A table 2] 
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[0041] 

[A table 3] 
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[0042] 
[A table 4] 
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[0043] Fe88Nb2Pr5 B5 [ drawing 2 / drawing 1 - ] after heat treatment in 973K-1023K — the thin band 
alloy sample of a presentation, and Fe88Nb2Nd5 B5 — it is drawing showing the lattice constant of the 
bcc-Fe phase of the thin band alloy sample of a presentation, and the programming rate dependency of the 
diameter of average crystal grain. Fe88Nb2Pr5 B5 lowered at the same speed as a programming rate after 
holding drawing 3 - drawing 4 for 5 minutes at the heat treatment temperature of 973K-1023K — the thin 
band alloy sample of a presentation, and Fe88Nb2Nd5 B5 — it is drawing showing the programming rate 
dependency of the residual magnetization (Ir) of the thin band alloy sample of a presentation, a square 
shape ratio (Ir/Is), coercive force (iHc), and the maximum magnetic energy product ((BH) max), in order 
[ moreover, ] to clarify the diameter of average crystal grain of a bcc-Fe phase, and relation of magnetic 
properties — drawing 5 — Fe88Nb2(Pr, Nd) 5 B5 — the diameter of average crystal grain of a bcc-Fe 
phase and the relation of magnetic properties for which it asked from the X diffraction half peak width of 
the thin band alloy sample of a presentation are shown. Ta is the annealing temperature at the time of heat 
treatment among drawing 1 - drawing 5 . An alternate long and short dash line shows the relation between 
the lattice constant of bcc-Fe (pure-Fe), and a programming rate among drawing 1 - drawing 2 for a 
comparison. 

[0044] By making quick the programming rate at the time of heat treatment so that clearly from tables 1-4 
an d drawing 1 - drawing 2 The programming rate dependency of the lattice constant of the bcc phase of 
the thin band alloy sample of a presentation is not accepted. Fe88Nb2Pr5 B5 after heat treatment in 973- 
1023K — the thin band alloy sample of a presentation, and Fe88Nb2Nd5 B5 — Although the larger value 
than pure-Fe with a lattice constant of 0.28665nm is shown, it turns out that the diameter of average 
crystal grain of a bcc-Fe phase is made detailed with lifting of a programming rate, moreover — the thin 
band alloy sample heat-treated with the quickest programming rate (a part for 21 6K/) — Fe88Nb2Pr5 B5 - 
- the thin band alloy sample of a presentation, and Fe88Nb2Nd5 B5 — in the thin band alloy sample of a 
presentation, the diameter of crystal grain of a bcc phase became the value of about 35nm and 27-29nm, 
respectively. 

[0045] By making quick the programming rate at the time of heat treatment so that clearly from a table 1 - 
a table 2, and drawing 3 Fe88Nb2Pr5 B5 after heat treatment of 973K — with the thin band alloy sample of 
a presentation Fe88Nb2Pr5 B5 after heat treatment of 1023K — the increment in Ir and Ir/Is was 
accepted and both the thin band alloy samples of a presentation of the increasing rate were more 
remarkable in the thin band alloy sample after heat treatment of 1023K than the thing after heat treatment 
of 973K. the next — iHc — Fe88Nb2Pr5 B5 after heat treatment of 973K — although a programming rate 
dependency is not accepted in the thin band alloy sample of a presentation — Fe88Nb2Pr5 B5 of 1023K — 
a programming rate dependency is accepted in the thin band alloy sample of a presentation. Thus, it is 
thought that that Ir and iHc increase originates in improvement in the switched connection property by the 



diameter of average crystal grain of a bcc-Fe phase making it detailed. However, the difference with the 
programming rate dependency of the diameter of average crystal grain of a bcc-Fe phase clear by the 
sample after heat treatment and the sample after heat treatment of 1023K is not accepted by 973K, but 
the thing with the large programming rate dependency of Ir and iHc is imagined to be a thing with factors 
other than the diameter of crystal grain of a bcc-Fe phase by the sample after heat treatment of 1023K. 
the next — (BH) max — Fe88Nb2Pr5 B5 after heat treatment of 973K — Fe88Nb2Pr5 B5 after the thin 
band alloy sample of a presentation, and heat treatment of 1023K — the programming rate dependency 
was accepted and both the thin band alloy samples of a presentation of the increasing rate were 
remarkable in the sample after heat treatment of 1023K. 

[0046] making quick the programming rate at the time of heat treatment so that clearly from a table 2 - a 
table 4, and drawing 4 — Fe88Nb2Nd5 B5 after heat treatment of 973K — Fe88Nb2Nd5 B5 after the thin 
band alloy sample of a presentation, and heat treatment of 1023K — the increment in Ir and Ir/Is accepts 
[ both the thin band alloy samples of a presentation ] — having — the increasing rate — Fe88Nb2Pr5 B5 - 
- the thin band alloy sample of a presentation was not large. Next about iHc, most programming rate 
dependencies are not accepted, the next — (BH) max — Fe88Nb2Nd5 B5 after heat treatment of 973K — 
Fe88Nb2Nd5 B5 after the thin band alloy sample of a presentation, and heat treatment of 1023K — the 
programming rate dependency was accepted and both the thin band alloy samples of a presentation of the 
increasing rate were remarkable in the sample after heat treatment of 1023K. Fe88Nb2Nd5 B5 — the 
programming rate dependency of magnetic properties, such as Ir of the thin band alloy sample of a 
presentation, and iHc, — Fe88Nb2Pr5 B5 — it is considered to be what has the small effect that the 
diameter of crystal grain of a bcc phase originates in the particle size of a bcc-Fe phase since it is detailed 
on the whole that is not so clear as the thin band alloy sample of a presentation, moreover, as for residual 
magnetization (Ir), by 1.26T (sample No.10) and the largest thing, the big value of 1.5T (sample No.19) is 
acquired also for the smallest thing among the example of a table 1 - a table 4. That is, when it converts 
from the density of each sample being 7.6 g/cm3, it turns out that it becomes 131 emu/g - 157 emu/g, and 
the big residual magnetization of 130 or more emu/g is obtained. 

[0047] clear from drawing 5 — as — Fe88Nb2Pr5 B5 — the thin band alloy sample of a presentation, and 
Fe88Nb2Nd5 B5 — it turns out that the diameter of crystal grain of a bcc-Fe phase follows the thin band 
alloy sample of a presentation on increasing, and there is an inclination for Ir/Is, iHc, and (BH) max to 
decrease. 

[0048] The presentation was the range of this invention, it heated with the quick programming rate and the 
above-mentioned experimental result showed that the structure in which the fine crystalline phase of 
********** w ith the high thin band alloy sample heat-treated and obtained by 973K-1023K and 100nm or 
less of diameters of average crystal grain deposited was acquired. Moreover, since the diameter of average 
crystal grain of a bcc-Fe phase became [ the programming rate ] small above by 10K/and 
such as Ir/Is, iHc, and (BH) max, were excellent, in this invention, the programming rate at the time of heat 
treatment was considered as the above by 10K/. Moreover, in order to acquire higher magnetic properties, 
it turned out more preferably that it is good to consider a programming rate as a part for 36K/. In the thin 
band alloy sample of a presentation further — a programming rate — a part for 100K/ — the above — 
Fe88Nb2Pr5 B5 — the thin band alloy sample of a presentation, and Fe88Nb2Nd5 B5 — The diameter of 
crystal grain of a bcc-Fe phase, respectively About 35-36nm and about 26-32.5nm, It was made detailed 
more, and since especially coercive force was excellent with about 1.8 to 2.45 kOe, and about 1.85 to 2.45 
kOe, respectively, it considered preferably the programming rate at the time of heat treatment as the 
above by 1 0OK/in this invention. 

[0049] (Example 2 of an experiment) It faced heat-treating a quenching thin band alloy as follows, the 
holding time was changed, and the hard magnetic material was produced. The quenching thin band alloy 
with a thickness of about 20 micrometers was produced like the above-mentioned example 1 of an 
experiment, and this quenching thin band alloy was further cut into a length of 2cm. Subsequently, it 
investigated about the effect affect the magnetic properties of the thin band alloy sample heat-treated and 
obtained on the conditions which heat a quenching thin band alloy with a length of 2cm by part for 



programming rate 18K/all over the infrared image furnace of about 20 and 1x10 - 5Pa or less, and are held 
for [ 3 minutes - ] 60 minutes at the heat treatment temperature (annealing temperature) 973K-1073K. 
Each presentation of the thin band alloy sample obtained here was a presentation which is within the limits 
of this invention and which becomes Fe84Nb2Nd7 B5Si2. A result is shown following table 5. Moreover, the 
heat treatment time amount (holding time) dependency of the magnetic properties of the thin band alloy 
sample of the presentation which becomes drawing 6 Fe84Nb2Nd7 B5Si2 is shown. Moreover, each heat 
treatment conditions show the heat treatment time amount (holding time) dependency of the X-ray pattern 
of the thin band alloy sample of the presentation which becomes Fe84Nb2Nd7 B5Si2 after heat treatment 
to drawing 7 - drawing 9 . The X diffraction pattern of a thin band alloy sample here was analyzed by the 
X-ray diffractometer which used Cu~K alpha rays. 
[0050] 
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[0051] clear from a table 5 and drawing 6 — as — a part for programming rate 18K/ — Fe — when a 
84Nb2Nd7 B5Si2 quenching thin band alloy (2cmx20 **) was heat-treated, as for conditions when coercive 
force becomes max (3.5kOe), it turned out that heat treatment temperature is holding-time 10 minutes in 
1023K. Moreover, it turned out that holding-time 60 minutes, and heat treatment temperature are acquired 
by 973K, and heat treatment temperature is acquired for the good ********** of coercive force 
abbreviation 3.38kOe by 1023K at the time of the conditions for holding-time 3 minutes. Moreover, heat 
treatment temperature was [ the coercive force of heat treatment by 1073K ] 3 or less kOes in all the 
holding times. 

[0052] Since Fe3B which does not contribute to ********** when the holding times are 3 minutes - 30 
minutes and short conditions after heat treatment Fe84Nb2Nd7 B5Si2 deposits by part for programming 
rate 18K/, and annealing temperature 973K so that clearly from drawing 7 , and Nd2Fe14B which shows 
********** hardly deposits, the X diffraction pattern of the sample of the becoming presentation is 
understood that coercive force is not high as shown in a table 5 and drawing 6 . On the other hand, when 
the holding times are 60 minutes and long conditions, Nd2Fe14B deposits, the heat treatment temperature 
a sample indicates good magnetic properties to be is fully reached, and it turns out that high coercive force 
is acquired. As for the X diffraction pattern of the sample of the presentation which becomes Fe84Nb2Nd7 
B5Si2 after heat treatment, it is admitted by part for programming rate 18K/, and annealing temperature 
1023K that Nd2Fe14B deposits by all the holding times so that clearly from drawing 8 . It is thought that it 
is because the crystal grain of a software magnetism phase (bcc-Fe phase) carried out grain growth when 
********** w j|| decrease if ********** is high as it was shown in a table 5 and drawing 6 , when the 
holding times were 3 minutes and 10 minutes especially, and the holding time becomes as long as 30 
minutes and 60 minutes to this, that reason has reached the optimal heat treatment temperature enough in 
[ holding-time ] 3 - 10 minutes and it heat-treated further after this. It is' thought that it is because the 
crystal grain of a software magnetism phase (bcc-Fe phase) carried out grain growth of whose ********** 
having not been so high as the X diffraction pattern of the sample of the presentation which it becomes 
after heat treatment Fe84Nb2Nd7 B5Si2 by part for programming rate 18K/and annealing temperature 
1073K so that clearly from drawing 9 was shown in a table 5 and drawing 6 , although the deposit of 
Nd2Fe14B was accepted by all the holding times since the heat treatment temperature itself became high 



too much. 

[0053] (Example 3 of an experiment) It faced heat-treating a quenching thin band alloy as follows, the 
amount of heat treatments (input of a quenching thin band alloy) was changed, and the hard magnetic 
material was produced. The quenching thin band alloy with a thickness of about 20 micrometers was 
produced like the above-mentioned example 1 of an experiment. Subsequently, 20 quenching thin band 
alloys (AUW of about 20mg) and four 2.5g quenching thin band alloys (AUW of 10g) which were cut into a 
length of 2cm are set all over the infrared image furnace of 1x10 - 5 or less Pa, respectively. The heat 
treatment conditions from which good ********** understood in the above-mentioned example 2 of an 
experiment is obtained (** heat treatment temperature is 973K by the 60 holding time) ** Heat treatment 
temperature investigated about the effect the amount of heat treatments of the thin band alloy sample 
which ** heat treatment temperature heat-treats all programming rates by part for 18K/in the heat 
treatment conditions of **** - ** for holding-time 10 minutes for holding-time 3 minutes by 1023K, and is 
obtained by 1023K affects coercive force. The presentation of the thin band alloy sample obtained here 
was a becoming presentation Fe84Nb2Nd7 B5Si2. A result is shown following table 6. 
[0054] 
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[0055] So that clearly from a table 6 an increase and the sample of Fe84Nb2Nd7 B5Si2 heat-treated and 
obtained on the heat treatment conditions of the above-mentioned ** - ** even if carried out the input of 
a quenching thin band alloy since it has high coercive force, it is high coercive force — etc. — as suitable 
heat treatment conditions for manufacturing the hard magnetic material excellent in ********** When the 
presentation of a hard magnetic material is Fe84Nb2Nd7 B5Si2, it is a part for ** programming rate 18K/. 
And it turned out that it is a part for maintenance and ** programming rate 18K/for 60 minutes in heat 
treatment temperature 973K, is a part for maintenance and ** programming rate 18K/for 3 minutes in heat 
treatment temperature 1023K, and is maintenance for 10 minutes in heat treatment temperature 1023K. 
[0056] (Example 4 of an experiment) Fe88Nb2Pr5 B5 — the amorphous alloy thin band after quenching of a 
presentation was heated by part for programming rate 180K/, and the temperature change of magnetization 
of the hard magnetic material heat-treated and obtained with the annealing temperature of 750 degrees C 
was investigated, moreover, Fe88Pr7 B5 — the amorphous alloy thin band after quenching of a 
presentation was heated by part for programming rate 180K/, and the temperature change of magnetization 
of the hard magnetic material heat-treated and obtained with the annealing temperature of 650 degrees C 
was investigated. The result is shown in drawing 10 . drawing 10 — Fe88Nb2Pr5 B5 — the hard magnetic 
material of a presentation, and Fe88Pr7 B5 — it is drawing showing the temperature change of 
magnetization of the hard magnetic material of a presentation. Magnetization is decreasing at two steps 
with lifting of temperature as shown in drawing 10 . It is admitted that two phases of phases which 
participate in magnetization of a hard magnetic material exist from this. Moreover, since the degree of 
reduction in magnetization is changing near 307 degree C, this neighborhood is the Curie temperature of a 
Fe14Nd2B phase, and since the degree of reduction in magnetization is changing near 800 degree C, it 
turns out that this neighborhood is the Curie temperature of a bcc-Fe phase. In addition, it is considered to 
be because for a volume fraction to be [ that magnetization is low and ] small that the step of the 
magnetization which originates in an amorphous phase here is not seen. 

[0057] moreover, Fe88Nb2Pr5 B5 obtained here — the hard magnetic material of a presentation, and 
Fe88Pr7 B5 — the 2nd quadrant of the magnetization curve of the hard magnetic material of a 



presentation is shown in drawing 1 1 . The magnetization curve is the same magnetization curve as the 
magnetic material which consists of a single phase as which a step is not regarded as shown in drawing 1 1 , 
and it turns out that the switched connection magnet which the detailed software magnetism phase and 
the hard magnetism phase combined magnetically is obtained. 

[0058] (Example 5 of an experiment) The quenching thin band alloy of various presentations was produced 
like the above-mentioned example 1 of an experiment. Subsequently, the obtained quenching thin band 
alloy was heated by part for programming rate 180K/all over the infrared image furnace of 1x10 - 2 or less 
Pa, it heat-treated on the conditions held for about 3 minutes by annealing temperature 1023K, and the 
thin band alloy sample (example) was obtained. Fe88Nb2Pr5 B5 which each presentation of the thin band 
alloy sample obtained here has within the limits of this invention — the thin band alloy of a presentation, 
and Fe76Co10Nb2Pr7 B5 — the thin band alloy of a presentation, and Fe66Co20Nb2Pr7 B5 — the thin 
band alloy of a presentation, and Fe84Nb2Pr7 B5Si2 — it was the thin band alloy of a presentation, the 
thin band alloy sample of the acquired example — VSM (oscillating sample mold magnetometer) — using — 
the inside of the impression magnetic field of 10kOe, and a vacuum — room temperature - about 490 — 
the demagnetization curve (the 2nd quadrant) in K is shown in drawing 12 - drawing 14 . I is a straight line 
whose permeance coefficient (p) is 10 (prism form) among drawing 13 , and RO is a straight line whose p is 
1.5 (disc form). Moreover, the residual magnetization (Ir) for which it asked from the demagnetization curve 
(the 2nd quadrant), and the temperature change of coercive force (iHc) were shown in drawing 15 about 
the relation between the magnetic properties of the thin band alloy sample of an example, and temperature. 
Moreover, the temperature coefficient of Ir and iHc of the obtained thin band alloy sample and the 
temperature coefficient of Ir when considering as p= 1.5 and the configuration used as p= 10 are shown in 
a table 7. 

[0059] The relation between the magnetic properties of the conventional ferrite magnet and a Nd~Fe~B 

system magnet and temperature is shown according to drawing 15 as an example of a comparison. The 

temperature coefficient of Ir and iHc of these conventional magnets is shown according to a table 7. 

moreover — as the example of a comparison — B — the temperature coefficient of Ir and iHc of the 

magnet of a rich Nd-Fe-B system is shown in a table 8. 
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[0061] 
[A table 8] 
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[0062] As for the magnet of the thin band alloy sample of an example, and the example of a comparison, 
the inclination for Ir and iHc to decrease with lifting of temperature is accepted from drawing 1 5 and a 
table 7. the temperature coefficient (diHc/dT) of iHc — Fe88Nb2Pr5 B5 of an example — although the 
samples of a presentation are -0.43%/K and are the values near the value (-0.4%/K) of the Nd-Fe-B 
system magnet of the example of a comparison, by the thin band alloy sample of the example which added 
Co and Si, being a value with the absolute value of a temperature coefficient smaller than the Nd-Fe-B 

system magnet of -0.28 0.36% / K f and the example of a comparison is admitted. Thus, it is considered 

to originate in the Curie temperature of a hard magnetism phase rising by adding Co that the absolute 
value of the temperature coefficient of iHc decreases. Moreover, if Si is added, in order to improve the 
whole coercive force, the absolute value of the temperature coefficient of iHc decreases as a result. 
[0063] next — the temperature coefficient (dlr/dT) of Ir — Fe88Nb2Pr5 B5 of an example — the samples 
of a presentation are -0.06%/K, and it is admitted that the absolute value of a temperature coefficient is 
low compared with the values of the Nd-Fe-B system magnet (Fe77 Nd five B8 the magnet of a 
presentation, 77 (Fe0.9Co0.1) Nd 15B8 magnet of a presentation) of the example of a comparison being - 
0.11 — 0.16%/K. the phase to which this participates in magnetization with the magnet of the example of a 
comparison — a hard magnetism phase — it is — it receives and it is thought by the thin band alloy 
sample of an example that it is because it has the nano diplophase organization where the hard magnetism 
phase and the software magnetism phase with the small rate of a temperature change of magnetization 
(bcc-Fe phase) were intermingled. Moreover, by the thin band alloy sample of the example which added Co 
and Si, the temperature coefficients of Ir are -0.02%/K, and it is admitted that the absolute value of a 
temperature coefficient is a substantially small value, the temperature coefficient of Ir and iHc of the thin 
band alloy sample of a table 7 and a table 8 to an example — B — being the same degree as the 
temperature coefficient of Ir and iHc of the magnet of a rich Nd-Fe-B system or a value not more than it 
are admitted, drawing 13 to Fe66Co20Nb2Pr7 B5 — the sample of a presentation has the small 
temperature change of magnetization in p= 10 or more fields, and it turns out that the temperature 
characteristic is excellent. 

[0064] It asks for drawing 1 6 from the demagnetization curve which showed the value of Ir in each 
temperature when using the thin band alloy sample of an example in the configuration used as p= 10 to 
drawing 12 - drawing 14 . Moreover, the temperature change of Ir when using a conventional Sm-Co 
magnet and a conventional Nd-Fe-B system magnet (Nd2Fe14B presentation) in the configuration used as 
p= 10 is shown according to drawing 1 6 for a comparison. Fe88Nb2Nd5 B5 which drawing 1 7 has within the 
limits of the presentation of this invention — the sintering bulk (alloy consolidation object) sample of a 
presentation, and Fe86Nb2Pr7 B5 — the relation between the permeance coefficient of the thin band alloy 
sample of a presentation and a temperature coefficient is shown. Moreover, the relation between the 
permeance coefficient of the conventional Nd-Fe-B system magnet (Nd2Fe14B presentation) and a 
temperature coefficient is shown according to drawing 17 for a comparison. 

[0065] the time of using it in the configuration set to p= 10 from a table 7 and drawing 1 6 - drawing 17 — 
Fe88Nb2Nd5 B5 of an example, although temperature coefficients are -0.12%/K and the sample of a 
presentation is the same degree as the temperature coefficient of the conventional Nd-Fe-B system 
magnet Fe84Nb2Pr7 B5Si2 of the example which added Si — Fe66Co20Nb2Pr7 B5 of the example which 



the samples of a presentation are -0.05%/K, and added Co — it turns out that the sample of a 
presentation shows the value with the small absolute value of -0.08% / K, and a temperature coefficient. 
Moreover, when it is used in the configuration used as p= 10, it turns out that the thin band alloy sample of 
an example and especially the sample of the presentation which becomes Fe84Nb2Pr7 B5Si2 have the 
small absolute value of a temperature coefficient in about 300-430K operating temperature range, and it 
has the temperature characteristic which was excellent in the same degree as the Sm-Co system magnet 
of the example of a comparison, and the temperature characteristic is superior to the Nd-Fe-B system 
magnet of the example of a comparison. When a permeance coefficient uses the sample of an example or 
more by ten from drawing 1 7 , the absolute value of a temperature coefficient is smaller than the Nd-Fe-B 
system magnet of the example of a comparison, and it turns out that the temperature characteristic is 
excellent. 

[0066] (Example 6 of an experiment) It investigated about the effect affect the magnetic properties a 
nano crystal structure of a thin band alloy sample which are heat-treated and acquired on the conditions 
which heat the quenching thin band alloy produced like the example 1 of an experiment by part for a 
programming rate (alpha) 3 - 180K/all over an infrared image furnace 1.3x10 to 3 torrs or less, and are held 
for about 180 seconds by 973K-1023K. Fe88Nb2Nd5 B5 which the presentation of the thin band alloy 
sample obtained here has within the limits of this invention — it was the thin band alloy of a presentation. 
The X-ray diffractometer and the superresolution mold transmission electron microscope (TEM) 
investigated the structure of the obtained thin band alloy sample, and magnetic properties were searched 
for by applying the impression magnetic field of 1.5T to the longitudinal direction of a thin band alloy sample 
at a room temperature using VSM (oscillating sample mold magnetization measuring device). 
[0067] Fe(furnace cooling was carried out all over infrared image furnace)88Nb2Nd5 B5 which quenched 
after holding drawing 18 for 180 seconds at the heat treatment temperature of 1023K — it is the graph 
which shows the programming rate dependency of the demagnetization curve (the 2nd quadrant) of the thin 
band alloy sample of a presentation. Since, as for the thing of the example which is a part for a part for 
180K/which has speed within the limits of this invention whenever [ temperature-up ] so that clearly from 
drawing 18 , and 18K/ f it is admitted that I and H are large compared with the thing (a programming rate is 
a part for 3K/) of the example of a comparison, the thing of an example understands that (BH) max is also 
large. Fe(furnace cooling was carried out all over infrared image furnace)88Nb2Nd5 B5 which quenched 
after holding drawing 1 9 for 180 seconds at the heat treatment temperature of 1023K — it is drawing 
showing the programming rate dependency of Ir of the thin band alloy sample of a presentation, Ir/Is f iHc, 
and (BH) max. clear from drawing 19 — as — Fe88Nb2Nd5 B5 — when the thin band alloy sample of a 
presentation makes quick the programming rate at the time of heat treatment, it is admitted that Ir, Ir/Is, 
iHc, and (BH) max are increasing notably, therefore, Fe88Nb2Nd5 B5 which quenched after holding for 180 
seconds at the heat treatment temperature of 1023K — a programming rate dependency is accepted also 
in the thin band alloy sample of a presentation. Fe(furnace cooling was carried out all over infrared image 
furnace)88Nb2Nd5 B5 which drawing 20 made the programming rate at the time of heat treatment as a part 
for 3 - 180K/ f made the holding time 180 seconds, and quenched after that — it is drawing showing the 
heat treatment temperature (retention temperature) dependency of Ir of the thin band alloy sample of a 
presentation, Ir/Is, and iHc. The property with it better [ to heat-treat each **** alloy sample with the 
retention temperature of 1020K ] is acquired so that clearly from drawing 20 , and it turns out that the 
magnetic properties in which especially the thing of the example which the programming rate heat-treated 
by part for 180K/, and retention temperature heat-treated by 970-1 070K was excellent compared with the 
thing of the example of a comparison whose programming rate is a part for 3K/are acquired. 
[0068] every which a part for 3 - 180K/and retention temperature were made to 1023K, it made the 
holding time 1 80 seconds for the programming rate at the time of heat treatment, quenched drawing 21 
after that, and was obtained — Fe88Nb2Nd5 B5 — it is drawing showing the temperature change of 
magnetization of the thin band alloy sample of a presentation. It turns out that the temperature change of 
magnetization of each **** alloy sample from which the programming rate at the time of heat treatment 
differs so that clearly from drawing 21 is decreasing almost similarly with lifting of temperature. This has 



suggested that magnetization is hardly dependent on the programming rate at the time of heat treatment. 
Fe88Nb2Nd5 B5 which drawing 22 made retention temperature at the time of heat treatment to 1023K, 
made the holding time 180 seconds, and quenched after that — it is drawing showing the programming rate 
dependency of the diameter of average crystal grain of the bcc-Fe phase of the thin band alloy sample of a 
presentation, and Nd2Fe14 B phase. bcc-Fe (TEM) in drawing 22 and Nd2Fe14B (TEM) are the particle size 
for which it asked from the TEM photograph, respectively, and bcc-Fe (XRD) is the particle size for which 
it asked from the graph of an X diffraction. What has a small diameter of average crystal grain is obtained 
as the bcc-Fe phase of a thin band alloy sample and Nd2Fe14 B phase make a programming rate quick so 
that clearly from drawing 22 , and especially as for Nd2Fe14 B phase, a bcc-Fe phase shows depending 
greatly at a programming rate the top where the diameter of average crystal grain is smaller than a bcc-Fe 
phase, therefore, Fe88Nb2Nd5 B5 — it turns out that the programming rate dependency of the magnetic 
properties of the thin band alloy sample of a presentation originates in detailed-ization of the diameter of 
crystal grain. That is because the switched connection of a software magnetism phase (bcc-Fe) and a hard 
magnetism phase (Nd2Fe14B) becomes the probability, i.e., the portion which the particle of bcc-Fe and 
the particle of Nd2Fe14B have combined, for the particle of bcc-Fe and the particle of Nd2Fe14B to adjoin 
each other increases, and is easy to be performed, so a switched connection property will improve if the 
diameter of average crystal grain of Nd2Fe14 B phase becomes small. 

[0069] Fe88Nb2Nd5 B5 from which drawing 23 was obtained by the melt quenching method — it is drawing 
showing the DSC (differential scanning calorimetry) curve in each programming rate of the amorphous alloy 
thin band sample of a presentation. The portion which the first peak in each DSC curve begins is the 
crystallization temperature (Tx1) of a bcc-Fe phase among drawing 23 , and the portion which the 2nd peak 
begins is the crystallization temperature (Tx2) of Nd2Fe14 B phase. Drawing 24 (a) shows Tx2 of the Tx1 
and the Nd2Fe14 B phase of the bcc-Fe phase of the DSC curve in each programming rate shown in 
drawing 23 , and (b) shows the difference of Tx1 of Tx2 and the bcc-Fe phase of the Nd2Fe14 B phase of 
a DSC curve in each programming rate shown in drawing 23 (DTx=Tx2-Tx1). Since the difference (DTx) of 
Tx1 of Tx2 and the bcc-Fe phase of Nd2Fe14 B phase is small as the programming rate at the time of heat 
treatment is made quick so that more clearly than drawing 22 - drawing 24 , the more DTx is small, the 
more it turns out that the diameter of average crystal grain of the both sides of a bcc-Fe phase and 
Nd2Fe14 B phase can be made detailed. That is because the inclination which can crystallize 
simultaneously a bcc-Fe phase and Nd2Fe14 B phase becomes strong, so one of crystals can prevent 
making it big and rough, so that DTx becomes small. 
[0070] 

[Effect of the Invention] As explained above, the hard magnetic material concerning this invention The 
element R which consists or more of one of one or more sorts of Elements T and rare earth elements of 
Fe, Co, and the nickel By coming to heat-treat the alloy which makes an amorphous phase the main phase 
immediately after quenching with the above programming rate by 10K/including B, since coercive force is 1 
or more kOes The diameter of average crystal grain of the bcc-Fe phase of a fine crystalline phase and 
R2Fe14 B phase which deposits in the above-mentioned alloy can be made detailed. Furthermore, from a 
bcc-Fe phase, since the diameter of average crystal grain is greatly dependent on a programming rate from 
a bcc-Fe phase a small top, R2Fe14 B phase The probability for the particle of bcc-Fe and the particle of 
R2Fe14B to adjoin each other by considering the programming rate at the time of heat treatment as the 
above by 1 0K/increases. Since the switched connection of a software magnetism phase (bcc(body- 
centered cubic structure)-Fe) and a hard magnetism phase (R2Fe14B) becomes is easy to be performed, a 
switched connection property improves, and outstanding ********** is obtained. Furthermore, since good 
********** j s obtained even if it lessens the content of rare earth elements R, the hard magnetic material 
concerning this invention can be manufactured with a comparatively low manufacturing cost. 
[0071] It comes to heat-treat the alloy with which the hard magnetic material concerning this invention 
makes an amorphous phase the main phase immediately after quenching with the above programming rate 
by 10K/. Since the coercive force which comes to contain the software magnetism phase of 1 or less kOe 
of coercive force and the hard magnetism phase of 1 or more kOes of coercive force more than 



10vol(s)(volume) %, respectively is 1 or more kOes It can have the middle property of a software magnetism 
phase and a hard magnetism phase, and the absolute value of the temperature coefficient of magnetization 
can also be made small. It comes to heat-treat the alloy with which the hard magnetic material concerning 
this invention makes an amorphous phase the main phase immediately after quenching with the above 
programming rate by 10K/. Since the coercive force in which the magnetic phase and Curie temperature of 
600 degrees C or more come for Curie temperature to contain the magnetic phase of 600 degrees C or 
less more than 10vol(s)(volume) %, respectively is 1 or more kOes It can have the middle property of a 
software magnetism phase and a hard magnetism phase, and the absolute value of the temperature 
coefficient of magnetization can also be made small. 

[0072] If it is in some which contain the fine crystalline phase of 100nm or less of diameters of average 
crystal grain as a main phase, the switched connection property of a software magnetism phase and a hard 
magnetism phase is excellent in the hard magnetic material obtained after heat treatment with the above 
programming rate by 10K/in the alloy which makes an amorphous phase the main phase immediately after 
the above-mentioned quenching, and ********** is excellent in it. if it is in the thing which comes to 
heat-treat the alloy which makes an amorphous phase the main phase immediately after the above- 
mentioned quenching with the above programming rate by 100K/in the hard magnetic material concerning 
this invention — the diameter of average crystal grain — being small (uniform detailed organization) — it is 
realizable. In the hard magnetic material concerning this invention, if the absolute value of the temperature 
coefficient of the magnetization when using it in the configuration from which a permeance coefficient 
becomes ten or more especially is one of those which were made into below 0.10% / K, it can be used for 
products, such as a sensor for which a temperature change needs a small thing. 

[0073] According to the hard magnetic material concerning this invention, coercive force can realize the 
hard magnetic material of 2 or more kOes. Moreover, according to the hard magnetic material concerning 
this invention, 0.6 or more hard magnetic materials can be realized comparatively (Ir/Is), therefore high 
residual magnetization (Ir) can be realized, and the hard magnetic material with the high maximum magnetic 
energy product ((BH) max) of the residual magnetization (Ir) to saturation magnetization (Is) can be 
obtained. If it is in the hard magnetic material of this invention, x which sets a presentation to TxMyRzBw 
and shows a presentation ratio, and y f z and w are atomic %s. When 50<=x, 0<=y<=15, 3<=z<=20, and the 
relation it is unrelated 3 <=w<=20 shall be satisfied and residual magnetization (Ir) considers as the thing of 
100 or more emu/g Since the compound which gives ********** from a good amorphous phase being 
obtained in the state of quenching, and being heat-treated with the above programming rate by subsequent 
10K/deposits even if the concentration of rare earth elements is low, the hard magnetic material which has 
********** excellent in low cost is obtained, x which shows the presentation ratio in an empirical formula, 
here, and y, z and w can obtain more excellent ********** by satisfying 86<=x<=92, 0.5<=y<=3, 3<=z<=7, 
and the relation it is unrelated 3 <=w<=7. 

[0074] If it is in the hard magnetic material of this invention, it can also have corrosion resistance further 
by setting a presentation to TxMyRzBwEv, and x which shows a presentation ratio, and y, z, w and v being 
atomic %s, and satisfying 50<=x, 0<=y<=10, 3<=z<=15, 3<=w<=20, and the relation it is unrelated 0 <=v<=10. 
x which shows the presentation ratio in an empirical formula here, and y, z, w and v are atomic %s, and can 
obtain more excellent ********** by satisfying 80<=x<=92, 1<=y<=5, 4<=z<=10, 3<=w<=7, and the relation 
it is unrelated 0 <=v<=5. In the hard magnetic material concerning this invention, that 0.5- pentatomic % 
addition of Si element is done in T element substitute, or by containing Co in T element in addition to Fe, 
the absolute value of the temperature coefficient of the magnetization when using it in the configuration 
from which a permeance coefficient becomes ten or more can obtain the following [ 0.10% / K ], and can 
raise the temperature characteristic. Therefore, if it is in the hard magnetic material of this invention, it is 
useful as a magnet material used for various kinds of equipments, such as sensors, such as a magnetic 
type rotary encoder and a potentiometer, an actuator, a loudspeaker, and a motor, and reduction of a 
manufacturing cost can be aimed at. 

[0075] If it is in the manufacture method of the hard magnetic material of this invention, among Fe, Co, and 
nickel One or more sorts of elements T By having the process which heat-treats this alloy with the above 



programming rate by 10K/, after producing the alloy which makes an amorphous phase the main phase with 
a melt quenching method including the elements R and B which consist of one or more sorts in rare earth 
elements The difference of the crystallization temperature of R2Fe14 B phase and the crystallization 
temperature of a bcc-Fe phase becomes small. Since the inclination which can crystallize simultaneously a 
bcc-Fe phase and Nd2Fe14 B phase becomes strong, it can prevent that one of crystal phases make it big 
and rough, and the diameter of average crystal grain of the bcc-Fe phase of a fine crystalline phase and 
R2Fe14 B phase which deposits in the above-mentioned alloy can be made detailed. Furthermore, from a 
bcc-Fe phase, since the diameter of average crystal grain is greatly dependent on a programming rate from 
a bcc-Fe phase a small top, R2Fe14 B phase The probability for the particle of bcc-Fe and the particle of 
R2Fe14B to adjoin each other by considering the programming rate at the time of heat treatment as the 
above by 10K/increases. Since the switched connection of a software magnetism phase (bcc(body- 
centered cubic structure)-Fe) and a hard magnetism phase (R2Fe14B) becomes is easy to be performed, a 
switched connection property can improve, and the hard magnetic material excellent in ********** can be 
offered. Moreover, since ********** which was excellent even if it made the content of rare earth 
elements fewer than the conventional rare earth magnet is obtained, the hard magnetic material of high 
performance can be manufactured with a comparatively low manufacturing cost. 

[0076] Furthermore, if it is in the manufacture method of the hard magnetic material concerning this 
invention, by heat-treating the alloy which makes the above-mentioned amorphous phase the main phase 
especially with the above programming rate by 100K/, (BH) max is large and the hard magnetic material in 
which the uniform fine crystal deposited can be obtained suitably. Moreover, if it is in the manufacture 
method of the hard magnetic material concerning this invention, it can use suitably as a way the absolute 
value of the temperature coefficient of the magnetization when using it in the configuration from which a 
permeance coefficient becomes ten or more obtains the hard magnetic material below 0.10% / K, by using 
the alloy which did 0.5- pentatomic % addition of Si in T element substitute for the alloy which makes the 
above-mentioned amorphous phase the main phase especially. 
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damages caused by the use of this translation. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Fe88Nb2Pr5 B5 after heat treatment in 973K-1023K — it is drawing showing the lattice 
constant of the bcc-Fe phase of the sample of a presentation, and the programming rate dependency of 
the diameter of average crystal grain. 

[Drawing 2] Fe88Nb2Nd5 B5 after heat treatment in 973K-1023K — it is drawing showing the lattice 
constant of the bcc-Fe phase of the sample of a presentation, and the programming rate dependency of 
the diameter of average crystal grain. 

[Drawing 3] Fe88Nb2Pr5 B5 lowered at the same speed as a programming rate after holding for 5 minutes 
at the heat treatment temperature of 973K-1023K — it is drawing showing the programming rate 
dependency of the magnetic properties of the sample of a presentation. 

[Drawing 4] Fe88Nb2Nd5 B5 lowered at the same speed as a programming rate after holding for 5 minutes 
at the heat treatment temperature of 973K-1023K — it is drawing showing the programming rate 
dependency of the magnetic properties of the sample of a presentation. 

[Drawing 5] Fe88Nb2(Pr, Nd) 5 B5 — it is drawing showing the diameter of average crystal grain of the 

bcc-Fe phase of the sample of a presentation, and the relation of magnetic properties. 

[Drawing 6] It is drawing showing the heat treatment time amount (holding time) dependency of the 

magnetic properties of the sample of the becoming presentation Fe84Nb2Nd7 B5Si2. 

[Drawing 7] They are a part for programming rate 18K/ f and drawing showing the heat treatment time 

amount (holding time) dependency of the X-ray pattern of the sample of the presentation after heat 

treatment which becomes Fe84Nb2Nd7 B5Si2 by annealing temperature 973K. 

[Drawing 8] They are a part for programming rate 18K/, and drawing showing the heat treatment time 
amount (holding time) dependency of the X-ray pattern of the sample of the presentation after heat 
treatment which becomes Fe84Nb2Nd7 B5Si2 by annealing temperature 1023K. 

[Drawing 9] They are a part for programming rate 18K/ f and drawing showing the heat treatment time 
amount (holding time) dependency of the X-ray pattern of the sample of the presentation after heat 
treatment which becomes Fe84Nb2Nd7 B5Si2 by annealing temperature 1073K. 

[Drawing 10] Fe88Nb2Pr5 B5 — the hard magnetic material of a presentation, and Fe88Pr7 B5 — it is the 
graph which shows the temperature change of magnetization of the hard magnetic material of a 
presentation. 

[Drawing 1 1] Fe88Nb2Pr5 B5 — the hard magnetic material of a presentation, and Fe88Pr7 B5 — it is the 
2nd quadrant **** graph of the magnetization curve of the hard magnetic material of a presentation. 
[Drawing 1 2] Fe76Co10Nb2Pr7 B5 — it is the graph which shows the demagnetization curve (the 2nd 
quadrant) in 302.5K-489K of the thin band alloy sample of a presentation. 

[Drawing 1 3] Fe66Co20Nb2Pr7 B5 — it is the graph which shows the demagnetization curve (the 2nd 
quadrant) in 308K-471K of the thin band alloy sample of a presentation. 

[Drawing 14] It is the graph which shows the demagnetization curve (the 2nd quadrant) in 301.5K-477K of 
the thin band alloy sample of the becoming presentation Fe84Nb2Pr7 B5Si2. 

[Drawing 15] It is drawing showing the relation between the magnetic properties of the magnet of the thin 

band alloy sample of an example, and the example of a comparison, and temperature. 

[Drawing 16] When the magnet of the thin band alloy sample of an example and the example of a 



comparison is used in the configuration set to p= 10, respectively, it is drawing showing the temperature 
change of Ir. 

[Drawing 1 7] Fe88Nb2Nd5 B5 which is within the limits of the presentation of this invention — the 
sintering bulk (alloy consolidation object) of a presentation, and Fe86Nb2Pr7 B5 — it is drawing showing 
the relation between the permeance coefficient of the thin band alloy of a presentation, and the 
conventional Nd-Fe-B system magnet, and a temperature coefficient. 

[Drawing 18] Fe88Nb2Nd5 B5 which quenched after holding for 180 seconds at the heat treatment 
temperature of 1023K — it is the graph which shows the programming rate dependency of the 
demagnetization curve (the 2nd quadrant) of the thin band alloy sample of a presentation. 
[Drawing 19] Fe88Nb2Nd5 B5 which quenched after holding for 180 seconds at the heat treatment 
temperature of 1023K — it is drawing showing the programming rate dependency of Ir of the thin band 
alloy sample of a presentation, Ir/Is, iHc, and BHmax. 

[Drawing 20] Fe88Nb2Nd5 B5 which made the programming rate at the time of heat treatment as a part for 
3 - 180K/, made the holding time 180 seconds, and quenched after that — it is drawing showing the heat 
treatment temperature (retention temperature) dependency of Ir of the thin band alloy sample of a 
presentation, Ir/Is, and iHc. 

[Drawing 21] every which made a part for 3 - 180K/, and retention temperature to 1023K, made the holding 
time 180 seconds, quenched the programming rate at the time of heat treatment after that, and was 
obtained — Fe88Nb2Nd5 B5 — it is drawing showing the temperature change of magnetization of the thin 
band alloy sample of a presentation. 

[Drawing 22] Fe88Nb2Nd5 B5 which made retention temperature at the time of heat treatment to 1023K, 
made the holding time 1 80 seconds, and quenched after that — it is drawing showing the programming rate 
dependency of the diameter of average crystal grain of the bcc-Fe phase of the thin band alloy sample of a 
presentation, and Nd2Fe14 B phase. 

[Drawing 23] Fe88Nb2Nd5 B5 obtained by the quenching method — it is drawing showing the DSC 
(differential scanning calorimetry) curve in each programming rate of the amorphous alloy thin band sample 
of a presentation. 

[Drawing 24] (a) is drawing showing the crystallization temperature (Tx1) of the bcc-Fe phase of the DSC 
curve in each programming rate shown in drawing 23 , and the crystallization temperature (Tx2) of Nd2Fe14 
B phase, and (b) is drawing showing the difference (DTx=Tx2-Tx1) of the crystallization temperature Tx1 of 
the Tx2 and the bcc-Fe phase of the Nd2Fe14 B phase of a DSC curve in each programming rate shown in 
drawing 23 . 
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15, 3^20, O^v^lOTW. ££TfflH 
^n-5-&^©ffl^'t>©fflfi£i±S:^"f x, y, z , w, 
vttJlB^T, 80^x^92, l^y^5, 4^z^ 
10, 3^w^7, 0^v^5TS-5^t^.iTSUl/i. 

±E#iaaifiTj»fflasn<5$&tLTtt, ±e 

50 fij£©#flKffi£±ffl£T*££KS , l ST7c*«ifcT 
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(5) 

7 

0. 5~5M^%^iQbfc£&£ffi^T ; fc>ck^. 
[0 0 14] 

e, Co, N i ©5*> lffi£U:©7t;iilTi, f&±IS7ciii 
©5^©lffi.EA±^£&£7EiSiR<^ Bt*§*. ^ 
*«fc*tr»T#Mi*ffi*±ffi 1 0K/#JW 
±© JHaja*T*Ma33 nxft D . fiHB* # IkOeBi 
±Ot>©T?**i ifBW^Kffifc^'.rf 1 

Htt. 0 0 nm&T©tMBISaKffl*± 

fitbTtA;T?H5. £©ttinlSIMMltt. ¥J3fta& 

glOOn mJ^T© be c-Fetit, ¥J3£Atfcgl 
0 0 nmaTOR2Fei4Bffl**«ftULT^S. Sfc. 
^©gg^tt^tt. ±IS©bc c-FeffitR2Fei4 
BffitFe3BffiS±*fr4flWIBI*fl»fflt, B!@b 

[0 0 15] SSfc, **iHO««tt*J»tt. £U87Jl 
kOe£lT©V7 h«ttffi£««2j 1 kOeH±OA- 
FBttffitS*n*ftlOvol (#80 XfiLh^Arr 20 
V7h«ttffi£A--K«ttffi©'f»IW©«rtt 

TOV7 HKttffi*»l 0 v o 1 (fM*) X*atT*S 

* ©fcj&K&»±«5c*0«fl[««?a5 < fcSfcaMf * l < 
tt^o ffi^TJ 1 k OeaiWA- K«ttffl«« 1 0 

vol %*?iT<&-5£:> ^©««»*t/jNS< 

[0 0 16] *3fiW©««tt#»«». tiij-l 

0 ot;£Ji±©aefflt+aL>j— a«36*6 0 oret 30 

Tffllttffii^nfniOvol (#9) %J^±-£A, 
T?fc* £ t**V 7 UBttffitA- F«ttffl©+M©4$tt 
Sr«A-5^ t^T#^>^T»»^ b^o -€-ntt, bec 
-Feffi©+a'J-ia*J47 7 0"C#ifiT»0, R2F 
e i4Bffl©*3.U— iBJe*»3 1 5'CttifiT&3;i£fr 

6. *5sw©««tt«»3&t«{bfcSi-¥-r*ffl-c**v7 

h«ttffitA— H«ttffit©2ffl**-r«fc«)K:«, * 
aU— fifl«*6 0 0 , C^±©iSttffit^n.U-SS^6 

0 ot:RT©«ttffi *. *^ttffi©^ 

&tt*B) JlOvol X£Ur&*jl/T^*£Jfi5 
VV*-5 7>XT©«fb©fiaE£fb#/hS<fc*£^3 
Wfteflpt? *^'J-iSg#6 0 0"CEU: 

©«ttffl*«l Ovo 1 (#:«) %*#tT;&££:, Jtt&M 
7>*T«;ilLfc£#©Bfb©»fl^ft:#* 
*<fc*fc*Jf?*L<fct>. *j'J-fiSil«6 0 

OtPiTffllWlOvol X*»T»* 

»jL<a^. 50 



[0017] *fswk:«fcs««tt»»ic*^T«. ± 
«a&*atat*^T#aHffi*±ffitt-*^*tti o o 
K/»«±©#»aftT?«uaasns.c:t*»b c c -f 

[0 0 18] tr^T, «5*m©#tttt, t^f'Jy 

sn*. *«»©«5«»tt, a»©3BS«fc#r><s 

•a*fii#©«jK k^#©t{cs?)©tv *=©»#&- ■■(«• 

^©mmSS (B) (H) ) «, m®«^±© 

-Sptiomsns. ^dTB/MoH©fit (Mi 

*7c©gc) ftA*-S7>x«R (p) . ptB^iOM© 
m. (OP) ^-57>Xjli:J:^. ^OA-syyX 

(p) fciW&rt— 57>X*tt, 
#U «fls#fij©fia*«fi<fc<5£. /h3<fr0» fi< 
&*£*#<&*%>©-?**. /^-5 7>7ffRiK8 

(N) £©|Bfce. TIBS (I) 
p= (1-N) /N * • • (I) 

»«a«-5-*.&n*£. *©»^jS (b, h) a*3tsn 
a. TiBiC (ii) 

U=BHV/2 • • ■ (II) 

©»****fl:-r*4:, Kl^, fftto%A-«7>7i 
*«aefls-r * ©t% »ffr£ p a*Xfb L±EU©«ataMbT 

■5= ^4 , Jb4»^Pm"^U©fiS^ft^:t^0, -?-©£: 
#© (BH) ©S*5i^igx*J^-a ( (BH) ma 
x) 

[0 0 19] *5B"»K«to*««tttf»S"fe>-y-<Pfc«E 
JBf<&«£. 1 0iU:C/t-S7>7fliRT«Mlfti: 

#©«ft©aaiff*©«»«*«o. io%/K^T©fe 

»£i*ttj&*«ns'b©-rfcfc-fe*fl:©iafli 
toRroiejfffirtwa^'b© (»fls©fi£&fbj&«'h3^t> 

©) Sr«V»4C:t**»*b<, *5fiW©««tt*m«A' 

i€r©«te©fiJE«*©»*ftt>&*o. 10%/Kj^Tt 

fl;©»flEIM&©lfi»ttJ5***<fc:>TL*5. * 
5BW©W*tt#»tt, A*-S7>*«Rj&*2 0£iLk£& 
*J:5*»«Tf«ffl-r<5©3&«. «<b©iB««R©tt*tfl 

#0. 0 8 X/KjaTt*«jSTJ: 
[0 0 2 0] C©J:5a:»K«rtt*««nfc*58M©«« 
tetmtt. WSi^CS i 7C^Ttc^«MT0. 5 
~5IH 1 % (atW j6Jn**^ttT7c*^fcCoj&« 
0. 5~2 0.X$sn5±5i:t5Cil:J:0, «*o 
Nd-Fe-BS©i85 (p=l 0 ©<h#©2a«^i&75 ! 
- 0. 11- — 0. 13 %/K) t'^LT. p= 1 0SI 
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(6) 

9 

±©£*©«<b©»ltf!W©»2ftt#0. 10%/KJ^A 

ffi*jfe&fi£«H4rt«-&#fcfc© 
£LT{£fflSftT^5Sm-Co&fiB5J:?) fc£4ffiT& 

[0021] ssk, #«gjK:«fe*«»tt#stt. & 

«*#2kOe£IU©fc©T*3i:i:*«&£L-V». * 

*f"r*3MfflMb (I r) (DmS-V&ZftMit (I r/I io 

s) 0. 6et±fflfe©TS5CtA^Sl^. 

T, *BWK$3tt*fi»m{b (Is)tt, 

SiTT, «<bitt»ftlI!l«bfc4:#tK»0«fl:*««tf 

So jMaa&ftct. mfflnaft 

ft) Rtf*©«#ISIBIfc£-C?**. 
[0022] *«9!ic«fe6««tt*mtt, &T©*&j£ 20 

TxMyRzBw 

±fHffiE£S;' : t J WT«F e, Co, Ni©3SlUil±£0 

x£iftei3i±S<i:, fm:ff7TM{b (is) ifim 
JDTSo 1 0 0 iemu/g£t±0*^aSBft (I r) 
«:^Sf*fc«)ICtt, fiftttft (Is) 75*4>&<£*>1 
3 0emu/gi»gtSl], IinSrgSfc-rtttTOS 
gli50at%a±it5©«iL<, 120emu so 
/g£t±©£SfcifiSV»3SB«Mb (I r) «:»Sfc«>fc 
«, T©2tft«8 Oat%, 5?£L< «8 6 a t %EUi 

©«HT**©*«a*b^. anfcwaawtt* 

fSSfcfeCte, T©jtgte9 2 a t %^T£TS©/W 

©fl&Btt. SS7. 6g/cm3-cabO, WiLtf. 10 
Oemu/gTJbftH 100 (emu/g) X4«x 
7. 6 (g/cm3) X 0. 0 0 0 1 =0. 9 5 (T) 40 

[0 0 2 3] ±iHa&j£Se«P©M«Z r , Nb, T a, H 
, f l®fii,±CD7CP!t£S:bU nn6®7C*tt#il 

Kaasis&wfl.^©-^*. *58Wt«s««tt*r»c 

*5^T, M^SsftTf 5C1 chKcfcO. S±&5c& (R) 
!^7C* (R) g&TM©ffij£lty £igin£-t±S£, -en 

K#oT»»«{b (i r) ttiinn-r** 1 , <ih 

c) jjjfiTb. ««ft«pttA»6ft«ft»tt^i:«{bT so 



10 

S. att<£S^7C^ (T) B£-?#£jiS&j£7c£ 

(M) s«fti3-e-*t. ^?na{b (is), jiga^b- 

(I r) ©M'>#£CS. fel. &ftti.mm§&&&$: 
M©^ft (y) BOat %R±1 5 a t % 
RT, 0?£L<teO. 5at%a±3at%OT©l6I 

[0 0 2 4] ±IBmfiEiC t f©R«*±^M (Sc. 
Y, La, Ce, Pr, Nd, Pm, Sm, Eu, G 
d.Tb, Dy. Hb", Er, "TffiTTb",' 33i£T£L~ 
uJ-O^'&fflliSJllOxSSSfct. RtFetBt 
*^tr#SH^* 8 7 3-1173 KOlSffl©®^^ 
ajETftJS»L&t*t:Wffir**JRIHI{b^*R2F e 14. 

&%imit (I r) 1 0 Oemu/gfiLL© 

K^»9»Mb (I r) €r#sfc*tc«. &fnmYb (1 
s) tt> 1 3 0 emu/stt#Kt?*D. £*l 

**fc-TKttR©ii« (z) tt2 0atX£TF. ffib 
<«7 a t %£AT©IBHi:-rSii:^MS L^o ££R 
»4*ilHS»*Kbft^7c3RT?»D. R©il&f£itriV|N23! 

7c#, R©ISiLT(S3 a t 9S£JLfc£-f S©*«S£ b 

[0 0 2 5] ±gEffiJ$5£4'©Bte. #JUt£J£figL-g^ 
TcStST?**. *&Fe£B£:S-£tr#Mi»fflfc8 7 3~ 
117 3 K©©ffl©jg^&iagTf&&^SLifc£££tfraJ 
-TS{b^%R2F e i4Btt, *5fiW©»»t:«««Wtt 

ftffl$M§*;fc«>fctt, B©i@g£3 a t %£A±©«gHt 
f*©3fi«a*b^3&«. B<D&fSOt (w) ©itJDlr#oT 
tSfnafb (Is), 3BSWb (I r) , 

(iHc) w>ts©T, &tffttmmn.&®izmz>tc 

B©»ft«.2 0 a t %&Tf. ff3;L<«7at 

xaT©$BHi:-rsci:**a*u^. 

[0 0 2 6] Sfc, *5fif§©««te*M*fcH. Cr, A 

1, Pt, Ru, Rh, Pd, Os, I r, Cu, A 
g, Au, Ga, Ge©5% ia£i±©7c3gE*^Jn3 
ntlr>Tt)J:<. -t©»£©««tt*W». TfB©ffij£ 
iCT^-TClt^T^S. TxMyRzBwEv£©^i£©a 
tt^ffl^7C^T©Jiftx«, 1 0 0 erau/gt/.iWSS 

^3SS«fl;*»*fc»Kiasi«{b (is) £if an2-&s 

^T50a t%K±it50AWiL<, 1 2 0 emu 

/ga±©S6k:K^»saft: (i r) t9titt.mm.fs. 

«rttSPS3t-r*fc«)Ctt8 0 a t XEJ.±9 2 a t XKT 
AWSL<> J: Off* L<fJ8 6 a t %£l±9 2 a t % 
WTT&S. ±fEffifi£iC c P©M©igS«, Sjff^affifS 
^tt^^Sfcfel', JfJKBOat XJ3l±l 0 a t % 

<ti9»*L<ttl a t %&,±S a t %OTT* 
0, 1 2 0 emu/g£t±©W^aS»<b (I r) SSS 



// 

m-?Z>tctf>\Z\$. 0. 5 a t %£X±3 a t %&TFf?i> 
©55W£L<^o 
[0 0 2 7] ±BlftriSa , t J ©R©»*tt. *569!©tm 

Sfctt«««ftKfflS#*fc«>K, $?3;b<tt3 a t% 
£t± 1 5 a t %SXT. iD»SKIJ4at%£t±10 
at%£(TT*f), 1 2 0 emu/g«±©S5V^@a 
it (It) SSISWSfcftKtt. 3 a t %£A±7 
t-T *©*«#* t> <A; ' ±fBfflJ&5£* ©B ©jgSttV &Hf~ 
&#iiKfflSfcttflttffllSftJWB*»*fcftK, 3 a t % 

#&fc#>K:te, B©igSte, Jf?*L<tt2 0 a t 

T. <fc90F£ L<tt7 a t SfiBTFiSn*. tc*E*«8& 

no a n* c £ k «k ^> TW«tt# »© w*tt««i6]±i- *. 
fc« u tc* e naff s £«eaM#tt*»#ft;"r 

3©T> E©jggte, £?£L<«1 0 a tXKT. <t 0 
J?Sb<tt5 a t %£iTt$ft5. Sfc, gnfcB&tt 
SfcSfcftKtt, 7tMV.te>Ptz< tfe 1 a t %£A±fe&a 
-f -SOriWasb^. 12 0emu/g«±®iSSH 

asefc (i r) E£gsjjQbfti> 

[0 0 2 8] ifc. *5EM©««tt*f»fc*t»T, Ttc 

*«t»K:Feei^-tco*«$*ti*a:5-rnji, wt, 

-S7>X§S (p) 36*1 0^±<hft5ck5ftJ£ttT& 

m l & t *©«<bosfl[«»©tt»ffl[ft/hS <tsct 

JKBO. 5 %JJUL2 0 %ETF, ^^CffiKBS 
X£U:2 0XBlT©ttHi:S*U £&©fcj**IM&«* 

#«p»c«i;TasK3£-ra©36*»*bv». 

[0 0 2 9] *fc. *»M©W«tt«»K*V»T, S i 

(iHc) , *J:tfS*«£[X*;i^-fl| ( (BH) ma 
x) SS&fcrSjia-frSCtj&t-eSr, £&. A-~i7> 
X%Wc (p) ««l 0H±tft5J:5«i:»tt-ett»l/fci 
#©«{fc©fi««R©tt»tt*fi<-r* 
S l7cX©$2n&tt. *aff*iT7C*©firiEJt3ft«fi;< 
■ ft * fc» fcffl«tttftt©«»#tt***»*. o T{£T-f 5 © 
T, ff$t<U0. 5at%&±5at%KT, <tO!f 
5 a t %SK±3 a t %«T©HHt$n, 

^*©ariE^>»«ia*#* t« iJTafiKje-r * ©jft«» 

;:©J:3tUT««**«ktfja«»tt35«3k** 

[0 0 3 0] t)«fK, *«Mt«*3*«fi8ltt«»»i, EH 
T©J:5KUT«ii-r*e:a:**T?*S. ±ifi©«fc3ft# 



(7) 

tefcrt-aaWBStt. ffiKOJnSft^&fcfflVvrfrftSllfc 

*»^tce, sr#*K££s©*i*K:u -e-©^*» 

H^l/^K:«fc*3lniEEric»-r*traWfK:a«ft# 
[o 0 3i] nft«taRF©#a5(tKtt,-ro-K/»«-±-, 

io » i l< tt 1 0 0 K/^±CiHT, ^si^ffll 

"iig S«t75?ffl.^c<t-r •& J* , V7h«tt« (bcc 
fi*«i6) -Fe) i/N-K&ttffi (R 2 Fei 4 B) © 

U<ftV». *ftjB31«r©»fiafllSl 0 0K/»K 

±©|gHi-r-5Cl<ttr«t 0, ftllfcffli&*&©J£f£ 
*«Rlffitft*. ft*, #*SiIg©±IS£LTte, S«± 
©*M&j&»5, 2 0 0K/»gSt$n5. 

20 [0032] mmmmwmmmi&g. (T--)ium.) 

tt» !ifiL<H8 7 3K~1 1 7 3K, <fc"9J?i;L<« 
973 K~ 1023 K©ffiB, #J#*£FH (flffla^flS) 
liff^l<Hl~2 0^ <tWSl/<tt3~10^© 
«SHT, #MMte&©ffiJ*KJ:»3»*l,<l93£Sft*. 

rsft»aiafli3fi«8 7 3 KJam-v&zt. 

R 2F e i4Bffl©Wffl*#^ftt»ifc»+#ft««SM*te 

**s&nr. #*u<ftv». *M&sfi«a«i 1 7 
3K?iish ffl©wmft*»wuiTs*». sfcjaisji 

30 $?£L<ft^„ 

[0 0 3 3] ±E*if^tLTB. fififc*»TxMyR 

zBwTi&D. ffifiKJt^^-Tx, y, z, wtt/S^%T5 
0^x, 0^y^l5, 3^z^20, 3^w^2 0ft 

f%T86^x^92, 0. 5^y^3. 3^z^7, 

3£w£7ft*n«&*JE-r*'b©«fljv>*;iifc± 

0, #±S5c*©«flE3&«fi<Tt>3&»ttlBTAJ(fft#fl 
Rfl^ftSn. £©*£. 1 0 K/#£U:©#i&3agT"g* 

40 £tt&©T, (£=I7> hTSnfc«©m#ttSr*-r^@m 

Tte, fflfiE*«TxMyRzBwEVC»t), ffifiKltSr^-T 
x, y, z, w, vHIf%T. 50^x, O^y^l 
0. 3^z^l5, 3^20, O^v^lOft^M 

^^TroffifiKSC-f^^JtSr^Tx, y, z, 
w, vtt, M^%T, 80^x^92, l^y^5, 4 
^z^lO. 3^w^7, 0^v^5ft-5M«?r?So^-r 
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[0 0 3 4] ±E# B B Bi&^tLT(i, S iTCSH 

[0 0 3 5] •t:-©-«t , 5k:t>T»s-nfcfi!«tt»»t*»b 
Ttt. ±E©j&»iM&fc:*3V>T#aitffl*±*£ 

tC«kD, R2Fei4Bffi©ISa<biafttbc c-Fe 
ffi«D»afl:afl[Oi£*«/h*<, bcc-FeffltR 2 F 

^©igaffiai&^Yb-rawstejfc-rscfctfT*, ±e 

^*4>fcWffi-ra««BHSaRfflObc c-FeffitR 2 

f e i4'B«©¥^iiaiftesflttBfb - r*;:i**"p*a. 

S6C. R2Fei4fittttbcc-Feffi«tD¥J%ISa 
fiS^/hS A. be c-Feffl«tO#iajaai'*:# 

<tt#r«>©-e, nft»sWf©#«3aK* i o k/»k± 

tTSJItfCfcO. b c c - F e CD&^tf^F e 14B 

©*Ffa*iBt>£"3flMs#*<fr?>. v7Mtt« (be 

c -Fe) tA-H«ttffi (R2F e 
14 B) ©£SMS£#fTfonB<&«fc»fc£iMS£4H4 
#[t>]±U 3£Stt<b (ID. ftStt (I r/I s) . 
fiHB* (iHc) . **«ax*K-« ( (BH) ma 

x) *»*iwu «n&«a»&tt>&«»sn*. 

tt. iTEUt©3SS»<fc (I r) 
IkOeHlCMA (iHc) *?rr*«e«tt*m, ft 
ffljt (I r/I s) AtO. 6«±©««tt*m, 

^[X^Jl^— 8! ( (BH) max) At6 0kJ/m^ii 

[0 0 3 6] 3 6lr, *«9lfciRfc*fle«te»tttt. # 

S i 7EiH£T7c;iii«&T0. 5 ~ 5 K^gsSn. 
fciTTESWCFefiWCCo^O. 5 ~ 2 0 -5 



(8) 

0. 1 0%/KWT© i b©^atl>ut^Tf, SS 

m^p-^'J-x>n-^^7 1 > 
-> 3 *-;$>&£©-£>-!*-. 7. If-*. 

^ - 9 fc E k. tff m iz m v» * £ i a«-c * s . 

[0 0 3 7] 

[£t&0|] • ' ' "■■ " • 
10 mUMl) &T©J:3K:UT, SlfflfiSOtftlS^ 

SU Ar3f:B^4 I C:m i T0igLTl^-5CuD— ;|,± 
;u*»6?>cUirc:tk:J;D, #52 0 tfm©JP;£©3MHS1t 

6g/cm3t$-3fc. JfcViT. #6nfc38l»Ji#^ 
$1X1 0-2p a«T©?S*«-f S^ + K^T. 
#fiiSS3~2 1 6 K/^Tfinlib. 9 7 3OB10 

20 2 3KT?«i 8 o^MfitfirrsAfrTJisfflabTWsn 

*«WK^*tt»©«ftWtt*J:^/«Sa*iEflca«r 

figtt. lirnfe^KOlBHrttftSF e88Nb2P r5 
B5&*fiJ5fc©*#£&, F eg8Nb2Nd5B5^-5fflfig 

ai~*4^, I r/I s ttt&W^btcSf-fSSSg 

[0 0 3 8] ft5nfc**^tt»0«a»ttttV SM 

(ssbttftSHSftfr) 1 5 k o e <Dmmm* 

Dftofc. Sfc, ^-y«a»jtO»«rtt. bcc-Fe 

ffi©»^£**x*wa$rfcr--*«kDfr*u bcc-F 

effl©¥^*Sa<aS*X»ISlSflf— ^©*fli««J:»5->x 
7-©5££J8 V»TfrJfr -5 C <h J; 0 ffo 1t. 
[0 0 3 9] 
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(9) 

15 16 
Fe8 8Kb2PrsBs(973I) 







mm 

<T) 


Ir/Is 


kOe 


(kJ/jD 3 ) 


(wd) 


(mi) 


i (mmm) 


180 


1.46 


0.83 


2.17 


91 


0.2871 


35 


2 (mmm) 


102 








7 * 


0.2872 


36_ 


3 (mmm) 


36 


1.38 


0.78 


2.33 


82 


0.28695 


43 


4 mmm) 


18 


1.39 


0.78 


1.90 


67 


0.28719 


46 


G (&&M) 


6 


1.15 


0.66 


1.99 


51 


0.28731 


48 


6 (itRW 


3 


1.12 


0.64 


1.88 


48 






Fe8fiNbzPr5Bs(1023K) 


* 


* m 


2] 








am 


mm 
mt 

(T) 


Ir/Is 


kOe 


(kJ/B 3 ) 


(i»> 


(dm) 


7 mmm) 


180 


1.37 


0.76 


2.44 


81 


0.28727 


35.2 


8 (Uttft) 


102 


1.28 


0.74 


1.91 


52 


0.28727 


34.7 


9 (mmm) 


36 


1.33 


0.74 


2.43 


75 


0.28707 


37.2 




18 


1.26 


0.70 


1.64 


37 


0.28714 


45.6 


1 J (tfc«HH) 


6 


1.15 


0.64 


1.32 


23 


0.28711 


46 


12 (JtlM) 


3 


1.11 


0.62 


1.26 


21 
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[0 0 4 2] 
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Fefl 8 Nb2HdsBs(973K) 



18 





tt/#> 


»® 
(T) 


Ir/Is 


kOe 


(kJ/- 3 ) 


<nm) 


<m) 


13 (?m.w) 


180 


1.38 


0.84 


1.86 


83 


0.2871 


27 


14 (mmm) 


102 


1.34 


0.81 


1.90 


81 


0.28682 


26 


1 5 (f&ittl) 


36 


1.32 


0.79 


1.85 


75 


0.28705 


33 


1 6 (fUSW) 


18 


1.28 


0.77 


1.54 


43 


0.28719 


42 


1 7 UttHH) 


6 


1.11 


0.66 


2.00 


57 


0.2875 


37 


i 8 (itge«) 


3 


1.05 


0.69 


1.82 


23 







* * [«4] 



FeesNb2Nd5Bs(1023K) 







(T) 


Ir/Is 


kOe 


UJ/» 3 ) 


(m) 


<m> 


19 (mmm) 


180 


1.5 


0.81 


2,46 


119 


0.2873 


28.9 


2 0 (1»fc«} 


102 


1.48 


0.80 


2.37 


102 


0.28714 


32.4 


2 i (nmm) 


36 


1.32 


0.71 


2.05 


54 


0.28714 


37.4 


2 2 


18 


1.36 


0.73 


2.21 


83 


0.28715 


29.5 


2 3 (bfc«t«) 


6 


1.17 


0.62 


2.16 


46 


0.2873 


35.1 


24 (it««) 


3 


1.09 


0.58 


2.01 


32 







[0 0 4 3] 01~12H9 7 3 K~ 1 0 2 3 KT.liM 
mmz&tfZ-F eg8Nb2P r 5B5&5ffij£CD#^3-& 

robe c — f e ffirote^g&&iLPP^ii£B B B &S<z)#fiiS 

03~B4H 9 7 3K~1 
0 2 3K<DfM3^gT5#P B ^&LJt^ #fiiig£: 
RlUjggT-|^taL^Fe 8 8Nb2P r 5 B5^-5ffifig©^ 
^^KWS.^F e 88N b2N d 5B5^^fflfi£<7)jilr-& 
&W&<D^mfc (Ir), ( I r / I s ) , ft 

®* (iHc) Rtf**««X*;i^-* ( (BH) la 
x) <D#£3g^ft??14^^T0TS-5-. Sfc. bec- 

Fe88Nb2 (Pr, Nd) 5B5&-5ffl 
J*0»#£*tttt<DX«0ffr*mB«#5#»fcb c c - 
Feffl©¥^ISa«[gi«Sll»ttOM«*«r. 01~ 



02*, — jSSBJilteJfc&CDfcJ&fcb c c -F e (pure- 
Fe) ©»^3e»4:#ifta«i:©H«**T , 6).OT* 

40 [0 0 44] g 1 ~4 RtK0 1 ~0 2 ^£BJ 5 

7 3-1 0 2 3 KT*MS3»K::fe »t* F e 88N b 2P r 5 
B5fc*aj«©»W£&ttt*Rtf F e 88N b 2N d 5 B 5^: 
*ffiJ*©8*£&ltW<0b c c ffi©»^«<0#iiiift 
ftfiFttttB* 6 ill" . 0. 2 8 6 6 5 n m(Dpu 

re-Fe J:0"b^c#^fiiS:*bTVi5^ bcc-Fe 

*Z. £.1fi»*. *&. 4tf>iit*JF&£ft (2 16K/ 
«•) T*ftfflffiLfc»#^tt»T?«. Fe 8 8Nb 2 Pr5 
so B5!ft*«j«©»1if^K»»^Fe88Nb2Nd5B5a: 



¥11-45805 



19 

*J&j*©*#£&K**|CJ3V»T. b c cffl©jgH&g 
83 5nm, 2 7 ~ 2 9 nm©<I<*:7io 

[0 0 4 5] &l~ : &2%.tfm3frt>Wt>frf££?lzm 

-r a ££fc,k?>, 973 

K©fJ5!lS^<DFe88Nb2P r sBsfcfifij*©**^ 
^iS^t, 1 0 2 3 K©gyag&©F e88Nb2P r 5B 
5fc*ttrt©*#£&K*W#fc I ri5<fctfl r/I s 

©«*#BW&nr-^©*iirt-*ai£tt9 7 3K©i&$a 

g&©fc©ck 0 1 0 2 3 K©*M2L8&©SMF&&im 
K*^TB*T»o&. OSffc, iHcfDViTJS9 7 3 
K©J»«lffl«© F e 88N b 2P r 5 B 5^fij£CDiffi^ 
*tt»t*V>T»fiiSflEtt#ttttBJ&5n*t^, 1 0 

2 3K©Fe88Nb2P r 5B 5 &3ffif£©8|«-&&ia!N- 

rRtfiHc*«tMnrrs©tt. b c c-Fe18©¥«ei 

eg a«««Hk-r * n t ± * x*ii^»tt © m± «c & a 

£A&g©*&£fttt£Ftttt. 9 7 3 KT»lIroSt 
nt l 0 2 3 K©*M&3«0tttt£T9i*&!ittBfc& 

ftf . 1 0 2 3 K©IKSJ!lS^<7)StlH-T I r Stf iHc©# 
fij®£ttSMfe&*;*:*^©H:, b c c - FeWSSg 
^©RHtfS&SfeCfcJfBfcan*. t3€fC (BH) 
maxtt?V»T«9 7 3 KWiMI^OF e 88N b2P r 5 
B5fc*ilfirit©*»££it**4:. 1 0 2 3K©Mlft 
©Fes8Nb2P r 5B5&5fflj*©?8#^&at*W#k: 

#iajtft«?¥tt!WB«>6n. ^©is»D-r^fj^« 1 o 2 

[0 0 4 6] S2~^4R^04*>e>KS*^J;-5fc^ 
«L31^flCfett45#jBjSfl[*a<-r*iltfcJ:»). 973 
KW^ffig^© F e 88N b 2N d 5 B 5^ SiffijE©^ 
£H**<L1 0 2 3K©8*ffiS&©Fe88Nb2Nd5B5 
tt*aric<0*#^*tt»*«*t I r43,fctf I r/I s© 
mtmmtb^n. -*©itMnrrs*r&ttFe88Nb2P r 5 
B5&*i|^©#»^&tt»H:£*€r<fcj&»ofc. otf 
KiHcKl'3^TJ4#iajSfl[tt?¥tttt»£B»6na:^. 
tP^fc, (BH) maxtO^Tfi. 9 7 3K©ifii 
©Fe88Nb2Nd5B5»:SfflJ5K©^#'&^aSi:l 0 
2 3K©iffilt©F e88Nb2Nd5B53S:^>fflfi£©^ 

K#jajME«Sfftt*»B» 5 n. ^©ifjra 

1 0 2 3K©S!fc*lS«©ttttlC*^T»ffT 
fcofc. Fe88Nb2Nd5B5&4i«j«©»»^K» 
© I r*iHc&2©«SM*tt©JHBK£tt#tt**. Fe 
88N b 2 P r 5 B 5^-5 fflfig©^^ti)|sf@BJffiT^ ^ 
©teb c cffl©!8fttt«#£{*«k:fiMfflT?*5fctt, b 
c c -F effi©tt«KEHf 4»***/h$V»fe©£#*. 

^n^o *fc, si~g4©*M*. (i 

r) tt, Sfe/hS^feWTt) 1. 2 6T (it>7 P ^N 
o.lO). «%>**Ht>©Tfil. 5T (tf>y;i/N 

o. 19) t>©*#fcft*i»&nT^a. -r&*>-&. & 



(in 

20 

«»©«£# 7 . 6 g/cm3T**Ht^6«JS-r* 

1 3 1 emu/g~ 1 5 7 emu/gtfit), 13 
0 emu/g£H±©^:#3te3a««'(t« I »6nTV»*Ct 

[0 0 4 7] 05^6M5M±3l:F e88Nb2P rs 
B5ttSaric©*#^*tt»4:F e8gNb2Nd5B5&S 
ttJ8©*#^tt»*K b c c - F e*l©ISJIftgjWM 
ftrfSKltt-aT, I r/I s, iHcRtf (BH) iax*« 

10 [0 0 4 8] -±G&|*li& «fc 0 > aj**«*«W.©«HT 
*0. jfiVi#S5a«T?36PJ»b. 9 7 3 K~ 1 0 2 3 KT 

J;^¥i§ISfteSl 0 0 nm£ilT©«»HSiHlffl*«Wm 

10K/^±tH bcc-Feffifi)¥^Mitl)5i 
/hS<ft0, I r/I s, iHcRtf (BH) max&£*© 

«a««rtt**«n*©T. *^^T«^s^©#Mji 

#^>fc8?)t3«, J;D£?$L<te#^5£^£3 6 K/#<h 

20 •rsotf&^Jittfa'ofc. S5fcj*aaftjs*i o ok 

/^±TttF eg8Nb2P r 5B5&-5iBj£©iS ; fi?-&& 
iSSR IX F e 88 N b 2 N d 5 B 5 fc 3 U&L ©»#£&!*«. 
fci5V>T, b c c - F e ffi©«£S^S«^n-^n^ 3 5 
~36nm, 826~32. 5 nm «fc O^tlMfc^ft 

t*d. #ic ffia*e-tn-6niBr. s~2. 45k 

Oe. 151. 85~2. 4 5 kOe tffinxv^^t* 

6, *%Bj-ettiima^f©#m)ia*»*b<«i o o 

[0 0 4 9] (H^J 2 ) £TF© ± 5 \Z IT, 

©J?3©a»*«£&*fls«U S&K:;:©ft?MMJ£ 
^fi$2cmlC*7M/fc. OUT, U2crafflt 
2 0 1 x l 0 -5 P a EHT©**M8 

-i* * — s^pffftis^T, #ia5tgi 8 K/#TJnfS&b. 

^SSS (7^-;USS) 9 7 3 K~ 1 0 7 3 KT'3 
4fett»©«5lWttK:&«"f»»fc , 3V»TII'<fc. HdT 

»6nfc»#^tt»©ai*tt. v^-rn t>*ssw©iBB! 

40 p«g[C^^)F e84Nb2Nd7B5S i 2&2iI^-eSof;. 
^^^TtBS5*-T= 0 6tFes4Nb2Nd 7 B 

5S i 2&S&J£©8#£&Rft©&£4$&©ft&aftN 

Ma^^Tfi^a^©F e84Nb 2 Nd 7 B 5 S i 2 &3iH 

j*©*flf^K»©x*^^->©«MaawFiw («j$b# 

W) ftSFte***. ££T©8#£&K»©X«lEl$T/t 

[0 0 5 0] 
so [S5] 
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22 





c?© Lflc(kue ) 


i: £<D iBc(kOe) 


££4> iHc(kOe) 


fcgcr> iRc(kOe) 


9 7 3 


0.4 8 


1.5 6 


3. 2 


3.3 6 


10 2 3 


3.44 


3. 5 


3.0 9 


2.8 9 


10 7 3 


2.93 


^.78 j 2.6 j 2.51 



[0 0 5 1] «5&t^H6A»6W6*»*«k5C#ffl3iai 
1 8K/K-F e84Nb2Nd7B 5 S i 2S»»#^-* 

(2cmx2o#) zmmm-tzm-e,. 

(3. 5kOe) i&ofct 3R«L9fiflE^ 
1 0 2 3 KT«SHSIBI 1 0 #T-&& £ t*t«r3 fc. S 
fc, S!ft«ia«fll!i«9 7 3KTfiSJ*«rHI6 Oftt. HftMIS 
fift^l 0 2 3KT«!*^W3»«DftttOt*. 
#9 3. 3 8kOe©A»&««fit«ftt3i«»6nT^<5i 
£*eMofc. ftffiaffifftfl 0 7 3KTOiffl 

tt-T^TO^^fK'XfffiSS*** 3 k O e £ITTS o fc. 

[0 0 5 2] H7j&»&H&a»&±3K:#ifl£*l 8K/ 
3h 7n-;i/?aS9 7 3 KTMltCF eg4Nb2N 
d7B 5 S i 2&*fcJfc©tt«®X»lElSr/ , «* — >tt. « 

3 3 0»ti^ff©tt, Ka&,&tti~ 
«#L£V>Fe3Brt»*rtiiLT$3D, ®^«#tt^*"r 
Nd2Fei.4Bj&«Jfti:«fUJLTV»*^fc«)ta5R«H 
6 iz Vtz J: 5 <ftnrtit»S.--*. 
«ef«W6 0fl-£ftV>*fl=<Di*, N d 2F e 14B A* 

1 0 2 3KT|^MS^CDF e84Nb2Nd7B5S i 2&-5 
fi»S<0tt8©X»lEl*rrt* — >tt, T^TOfiMeifclH-t? 
Nd2Fe i4B#WffiLT^5 5*1*. 
fc, «*H$IBJtf»3$i\ io»©i*l:*5atfH6i:* 
Lfc«fc-5fc«««WttA*lfiS<&-3T:feD, £nfc»LT 

*J>LT*3 0» ^-OlftH. &J#P#|iS]3~l 0#©fflT"ft* 



*tv:7h«ttffl (bcc-Feffi) ©£JI&;&*&J££ 

1 8 K/ft. 7=— JMOE 1 0 7 3 KTMI 
^CDF eg4Nb2Nd7B5S i 2^-5^©K^©X^lI 
Sf/^^— >tt, -T'<TCD«itB#^TNd2F ei4BCDW 

&03fl€ffcfc«)fcV7h«ttffi (bcc-Feffl) ©Jig 
[0 0 5 3] (nmw 3 ) £HT©«fc 5 iz LT. £&?*tt 
AH) *3EHLT««tt*m£fl$lLfc. ±f5Hi*#J 1 

fc. 1$ 2 cml:*«; M/fct»**^2 0 

* (|llU2 0mg) . 2. 5gffll(%»Sf^4i 
%fll 0 g) Sr-tft-tm X 1 0-5 P aRTfflM 

snsawaaftfr «DSMaafl&a*9 7 

30 3 KTfi&iSISIH 6 0 2\ (SfR&affl&tf 1 0 2 3 KT'ffi 

#03M 3 ^ffiaaftAt 1023 KT?«jmiH 1 0 
ft. mQ-QcDf&mw&mzjo^T&ffiL&mz-t^T 1 
8K/ft) tiiaLTfe-nsif^^cMi 

fc*#£&tt**©fflJ*tt, F e 84N b 2N d 7B5 S i 2& 

[0 0 5 4] 
[*6] 



(SAD 


<Dh£<5D iHc(kOe) 


1023K-««flfH3«- 
<D££<D iHc<k0e) 


1023K-*&&l$fllO# 
{Dii^cO iHc(kOe) 


2 cmx 20* 


3. 36 


3. 44 


3. 5 


2.5gx4i 


3.73 


? ^3 


3 — 1 



[0 0 5 5] «6#&E&av&J:3Ca?M*1!?-&£©fi: 
A»£it J ?> LT *>±E(DM3)©J»«aftfrTJIMfla*fT 
oTff^nfcF e84Nb2Nd7B5S i 2©8*'£l-te, 



50 



Saa*#tLTH, ««tt*m©firiW*Fe84Nb2N 

d7B5S i 2 T-a&?>J©^. 1 8K/^T$, 

0, *0S»ffl,aiaK9 7 3KT6 0ftf3&&. ©#tM3i 
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K 1 8 K/»Ti5 9 , ^-^Nftffla&ft 1 0 2 3 KT 3 jfr 

1 0 2 3KT1 O^TOTSSut^ofc. 
[0 0 5 6 ] (3MMH4) Fe88Nb2P rsB5&*a. 
j£©fc»»©#fiR£&*»£#fiia* 1 8 0 K/»T 

snf&u 7n-;uias7 5 0"CTisi5!i5iUTf#e>nfcS 

7B 5 fc*|^©j&»«©#iiR££S**#HB3e*l 8 

»sft&««tttm©«fc©»flE*fls&ai'<fc. -^©*s 

*€r01Ot'^f. @10(1 Feg8Nb2P r5B 5 ^t 

*aj*©««tt*m£F essP r7B5fc-5iaric©««tt 

Sffl35*2ffl??ffibT^-5Zli:3a^i£>e.tl-6. 3 0 

7 *C ttifiT«fc©*il>©££V>iS**fl; l/TH5ilia> 
6, E©ttiE*iF e i4Nd2BfflflMra.U— fiflrrft 
0, 8 0 0'C^jft-em-fb<D^CDg-&^^'fbbTV^ 
H©ttiE**b c c - FeflO*aU-i«T 

©x ^ jis>n&u©te, swt^ctt#«» 
U r. t c«t a © t # a p> n-s o 

[0 0 5 7] *fc, ZZT-mZfttzF e88Nb2P r 5B 
«tt*m©fiMfctt«©£2*IB&Bll ltit. Ill 



10 



20 



* 30 
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[0 0 5 8] &«aj*©&»*#££*± 

1 x 1 0-2 P aKTOSfeMfK*-^ 

Mio 2 aKTtta^Mfiij^-rsftffTrftiaabT* 

K»©firictt, ^-rnt>*5BWO«lffll*3K:**Fe88N 

b2P r5B5^^>Jfl^O^-&^, Fe76CoioNb2P 
r7B5&5fflJifc©SM&-gr&» F e66Co20'Nb2"P'r 7B 
5*«aric©»«^, Fe84Nb2Pr 7 B 5 S 12^^ 

#&nfc$as0!©»»-fr&tt 

ftfc^T, VSM (SHittttSffifttf-) fcfflU, 10 
kOe©Sltt»«'t'XtfX£*T£iB~il84 9 0 KfciS 
(«2*IS) 6B12-B14l:*t. 0 
13«K -f^-57>7*» (p) **10 (fi&m 

an?**. $sit«©*#£&tt»©««*HS:£» 

StOSiCo^T, ffim&m (18 2*15) J:0*»fc 

aeflMb (1 r) Rtfffim* (iHc) ©as«fl:*Bi 

HcCDiaS^t, p = l. 5, p= 1 0 £&£ffim<t 

Lfcttoi r ©i&s#gc£g7ic^-r. 

[0 0 5 9] ItVtmt.l'T&jkiDyx.y'C M5tNd 
-Fe-Bma5©&m#tt<tiBg£©IW«£01 5K 
^■to-arT^To itl^©^*©^© I r RtfiHcCDffi 
7 fC^fc-ffT^-T. JtttWiUTBU 
7f©Nd-Fe-B«©i50I rRt£iHc©i&S« 

[0 0 6 0] 
[S7] 







dlr/dT 


diHc/dT 










(%/K) 


<%/K) 


dI/dT(%/K) 


dI/dT(%/K) 


HE 


FeseNbaPrsBs 


-0.0 6 


-0.43 


-0.3 8 


- 0. 12 




Fe7eCoi oHb2pp7Bs 


-0.0 2 


- 0. 2 8 


-0. 2 0 


-0. 10 


m 


Fee e Co 2 oKb2Pr7Bs 


-0.0 2 


-0.36 


-0. 3 3 


-0. 0 8 


- 


Fee^NbsPrvBsSi? 


-0. 0 2 


-0.32 


-0.17 


-0.0 5 


it 


Fe7:Ndi sBs 




0. 16 


1 

0. 4 




— 




(Feo.sCou. i )?7Ndi hB* 


-0.11 


-0.3 5 






m 


y^^J has 


- 0 . 18 









[0 0 6 1 ] 



[a 8] 
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26 







dlr/dT 


diHc/dT 








(%/K) 


(%/K) 


(K) 


it 


Nd*Fe7 8.5B1 8.5 


-0. 0 43 


-0. 3 9 8 


2 9 7-413 




)WsFe7 o.sCosGaaBi 6.s 


-0. 074 


-0. 336 


2 9 7-413 


m 


Md3Dy2Fe? 0. sCosGai Bi e.s 


-0. 0 4 8 


-0. 3 6 1 


297-4 13 




Md3.sl>yiFe7 3Co3Ga»Bi e.s 


-0, 0 8. 


39... 


3 4 8ttffi .. 



[0 0 6 2] 015 RtfS 7 ft> &£%0!l©ff 
fc&tfKJtttfl©«5tt. SS©±#ttt>{Cl r'&tf 
iHc^^T3ffifrj&*lg#£n-3. iHc©*&^& (d 
iHc/dT) £-pV>TH ^Jg^j^F e88Nb2P r 5B 
5fc«»J*©K»J&«-0. 4 3%/mD. itH&0!l© 
Nd-Fe-BM5®1 (-0. 4%/K) difil^fit 
Tfcfcsfl*, Co-^S.i S*j6nlxfc3E6fi«©»#^AK» 
Ttt-0. 2 8~-0. 3 6%/K£J±t£0i|©Nd-F 
e - B «^5ck 0 fcfi««R©tt»ffij&*/hS VsffiT** 

DiHc©fflfl^*©tt#tt*«iteJ>-r.5©tt. A-H«tt 
*l©*a. U -fflga«±#T* C t \z&m~t Z> *>©£:#*. 

en*, sfc, s i s#jot* ££#©««#*«£#»* 

[0 0 6 3] W:, I rCDSSffift (dl r/dT) t 
"2^Ttt. HJSM©F eggNb2P r 5B5^:Sffifi£©a 
$•#-0. 0 6 %/KT$0, Jt$$#il©N d — F e — B 
^685 (Fe77Nd5B8S:*«ia©«5» (FeQ. 9C 
°0. P 77Ndi5B8&5SSfi£©fiB5) ©fit**- 0. 11 
— 0. 1 6X/KT**©fc:Jfc^Tfiflf«ft©lfijltftl 

*«te<tttjT^s 5*1*. ;in«JtK««i©m 

STttaflsfcH-^-rsffi^A-Hattffl©*-!?**^ 

LT, SMS«©W#££ttHTti. A-Hffitfflt. tt 
flS©«flEg<MS©/hS^V7 h«tt« (b c c - F e 
ffi) 3&»Sftbfc^-y«ffl»»**bTV»<5«»6-e**i: 

%Af.ns. sfc, co^s i zmnLTzmmmomft 

•&&SS$fTH I r ©»««»*«- 0. 0 2%/KT* 

o. jaK«»©i8»*7j«*«fc/ha^»«-p**cit*«B 
*e»n-s. *7aix«8 36»6ia6«i©»#^«»oi 

rRtfiHc©»*flM»:tt, B'J-yf«)Nd-Fe-BS 
©685© I rRlXiHc©fl««fttEIUSflE3&»-tn6JlT 
©fflT^-5dt^|gi6^n^„ mi 3j&v£Fe'66Co20 
Nb2P r7B5*SlariE©K»tt, p= 1 0£th©1H* 

T?tt«fl:©fl«aE{b3ft»/h* < , fi««$tt**«nT^* c 

[0 0 6 4] H 1 6 tt. $2feM©«ff P = 1 

0 £&*^KT&/8L;fc£#©£-i&fi-C© I r ©fit£0 

1 2~H1 4K*l/fe*8ai»J;D*»ftt>OTJ»4. 

Jtt&©fcfe(rt£*©Sm-Com5<i:Nd-F e 
-B3fcfiB5 (Nd2F e i4B^SMfi£) £p=10£fc 
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■BrT^f. 11711 #fE91©fflj£©iBHl*3»;:**F e 
88Nb2Nd5B5fcSfflj£©&iierW£ (•&&£E!8-f*:) 
SSSR^Fe86Nb2P r 7B5fc*IBrii©**££tt» 
©A°-5 7>7.«gcttBS«Sci:©M^^^-r ! b©T* 
S. Jfctt©&a&fcfE*©Nd-Fe -B3R«S 

(Nd2F e \4Bf2.Z>&!$.) ©/t— 5 7>7>&%.tiMig. 
fiftc£©NffieH 1 7 K-e-fc-frTST. 

[0 0 6 5] ^7 13 1 6 ~0 17A>f.p=10i& 
*«S«©Fe88Nb2Nd5B5 
&*«U«©K»ttaftff»3a*-0.. 12X/TOD, 

^*©n d - f e - b $w&© a&wk £ csst* 

S i S*UDL/fciafiW©Fe84Nb2P T7B5S 
i 2^^ffifiK©K»tt- 0. 0 5%/KT&9, Co$ 
8sijn UfcSteKfcl© F e 66 C o 20N b 2 P r 7 B 5 & SffifiE 
©KHtt-0. Q8 56/Ktjft*«»©»»tt*»/hSVi 
«*jSLTH*ii:3&*^*. p = 10£ft*J§MK 

TffifflLfct^. ?»Bffll©g*£&tm. Wfc. Fe84 
Nb2P r 7B5S i 2&£8Lfifc©Si)ftte, 3 0 0~430 

Ka«©*ffliaflneHK:*v»Tjaft«»©»»ffl[*«/h* 

<. Jt««©Sm-Co3R»5tWi;8flE©«nfciaflE 
#14£WLT&9, H*0!l©Nd-Fe-BjR« 

J**Mfl©Nd-Fe-B*»5J:&t>fflflE«R© 

[0066] (sfe««6) 

1 . 3xio-3 h-;i^T©**M!K 

^-^JSffiKfiHT, #fiiiS (a) 3~18 0K/# 
T'Mf&L, 9 7 3 K~ 1 0 2 3 KT**<J 1 8 O&m&ft? 

**ffTj»«LabT»6n** ; »^tt»©«a»ttfi 
»6nfc»#^K»©a<«tt. *^w©^HF*g»cfe^ 

F e88Nb2Nd5B5^:-5ffl^©^^T'*ofco # 
e.tlfc^m^^K!fsf©^igttX^x^ 75? h^-^R 

tfK»#sjaiaa!«^a«« (tem) cmt. 
^•*K»©fi^ia]k:^ja»cTi. 5T©BJun«*fca» 

[0 0 6 7] 01811 1023 KffliffiliSST 1 8 
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bfc) Fe88Nb2Nd5B5^-5ffi^C0»^^^i£^© 
^tt^ (£2*18) ©#Mfta«fltf¥tt*w"r^7 7T 
*^>„ HI 83i»6W63S»&J:5K:#aSEaK35**5SWO 

fcCDtt, Jt««©t><0 (#i&i£K#3K/#) KJt^T 

HJfifi»l©t)©ti (BH) maxfe^UdtT^frfr 
0 1 9 10 2 3 KxPSfcfillli&STT 8 0 

e88Nb2Nd5B5tt*lajsjEO»flt'&4fettW©I r, I 
r/ls, iHcRtf (BH) max©#ifiilftft#tt£^ 
-f0T&5. 01 9A^BJ?)*^J;'5t'F e88Nb2N 

»Sfift£a<'r*:-£K:.J:»3.. I r v I r/I s, iH 

c. (bh) ■M#s*fc«muTv*ac:ia«B»5ft 

3. ftoT, 1 0 2 3K©f&M3ifiKTl 8 OfHSJtb 
AftbfcF e88Nb2Nd5B5£3»i£©3l^r3• 
&SmC£^T&#aiiS&#t£a t IS*^ 02 0 
«. fiJ8ia^fCO#Sa^5: 3 ~ 1 8 0 K/ft. 20 

T^ftbfe) F e88Nb2Nd5B5^?)ja^©»S^ 
ttftCDI r. I r/I sStfiHc©MSIS («i#a 

#J»»#*tt»4:t) 1 0 2 0 K©«#S«T«Slb;fe 

^*i^^#tt*«#e)tiT*D. #iasigau 8 o 

K/#T, 9 7 0~ 1 0 7 0 KfMiLfc 
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[0068] 02in mmmmcD^mm* 3 ~ 1 8 

0 K/#. #&iSS£ 1 0 2 3 K, «f#Bf M£ 1 8 0# 
tU *©«A»bT#6nfc#Fe88Nb2Nd5B5 

asaj*©»#^tt»©«fl:©iaK3efb*^-rHT» 

*. 02 ij&»SW&jfcfc«fc3K!Rffi«»t©#ffli«*rt , S 
&*ft»»^*tt»©«fl:©iaftSSfttt, fflK©±#t 

bT^-5. 0 2 2 tt," *&iai$©ft&&K& 10 2 3 
K. «#l$|81*l 8 OtfrfcU ^©^©i^bfcF e88N 40 
b2Nd5B5J&:*ftJ«©»flf^K»©b c c - F eta 
tNd2Fei4Bffl©¥i5*Sft*a[S©IHa5S*«^tt* 
^T0T^-S. |22't , Obcc-Fe (TEM) . N 
d2Fei4B (TEM) BTEM?^5.fn^n*6 
fc&STi&D. bcc-Fe (XRD) \ZXB®tfT<D>? 
77!d^$ftfctSTib5. 0 2 2^e.a^e>^7S s fc'5tu 
S*^4Kfi©bc c-Fe*B£:Nd2Fe 1 4Bfflu:fc 

©*<#e.nT*0, tftC Nd2F e i4Bffi«b c c - 

F effi<t0¥^*g^g^/h^^5 A. bcc-Fefi so 
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T, Fe88Nb2Nd5B5&*«J*©**£&tt»©* 
a«rtt©#aaflE«?¥ttttlSfl«[S©«IBfl:t:iEH bT 
^Sulttffc^*. -¥-ntt, Nd2Fei4B*B©¥^ 
<fc*ltf, bcc-Fe©tfiNd2F 
e i4B©*t ; p3ft*B0^5**»-fa:to-&bc c-Fe© 
&^u;Nd2F e !4B©&^lS^bT^-5SE#a ? #< 
V7Mtffl (bcc-Fe) £A— Fffittffl 
(N d 2F e 14B) ©£*18£#fT*5nS<fc*fc«>IC 

[0 0 6 9 ] 0 2 3tt. *#ft»ttl:J;0*5nfcFe 
88N b 2N d 5 B 5fc*lfiJ*©#ilft£&#iMW©*# 
fijaSfc*W-4DSC (5*2;££JKkftH£) ft«S§r*f 
0T*5.'02 3«t>. §DSCft«ltC*3tj-^)ftS]©tf— 
£©i&*©SB#>5*b c c -F e*B©*SJHfciSg (T x j) 
T$t). 2#B©h!— ^©^«?)©^^Nd2F e 14B 
ffi©ISSfl:fflflE (T X 2) 02 4. (a) tt, 02 

3l;_^bfc&#iBSIKl££tt-5DSCl&l§i©bc c-F 
effl©T x it. Nd2F e i4Bta©T x 25r*Tt)©T?* 
0. (b) ttH2 3K*bfc«JHaaflE«C*»t*DSC 
ft^©Nd2F e i4Bffi©T x 2tb c c-FeWTji 
(DM (DT X =T X 2-T x i) £jS-r*>©T?**. 02 2 

~0 2 4 ± o m «t"5 -t:iiMaa^©iffijiflE*a< 

-r^t^nTNd2F e i4Bffi©T x 2tb c c-Fetl 
©T x i©^ (DTj) *5/J^<^TV^ru*^, D 
T x ^/h$ttn«/hS^Sb c c -F effl£Nd2F e 14 
BfflCSR^ro^lSftSe^flMiflst-SCt^T**^ 
i ^ntt. DT x ^S<ft5i. bcc- 

F et@tNd2F ei4Bffl*^»3ifeS{bf#««l6ld* 

»<tt*fc«>ni:-6 & a*©tsfl»«a*ft;-r *©* W±T 

5 i t*fu 
[0 0 7 0] 

[5BE©3&*] J^±UiBJbfcJ;5lu*»^lu^t)^6!^ 
Fe, Co, N i Oio% lS£Ui©7G3fcT 

#1 0K/#&±©jmaflt?*ffl»sftTtto, «e 

WHITS«lllflll8ftJlffi©b c c-Fe"«tR2Fei4B 

ffi©¥^ISS8«SWMt'*"*£ 
R2Fei4Bffl«bcc-FefflJ;'9 V^ISfleSaW 
be c-Feffi«kO#aaflEK*:#<«?¥f 

5©T\ iftSaSPtW^SiiS^ 1 0K/»tt±itl)u 
' tlciO, be c-Fe©^tR2Fei4B©a^ 
'$0£-5$l3W3K&9. V7Httfi (bec (£M> 

u7j«3t) -Fe) £A-F«ttffi (R2Fei 4 B) © 

fe*««tt*mtt. ^±»7E^R©^*** / >^<bx 
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X b T WIT * ZL <h#T€ £. 

[0071] *5&m\z#t>zmm&ttmt* m^umz 
*sv»T#inwis£ffl i ok/»«±co# 

aa«TjR«iasnTat), «m*n kOe£TF©v:7 

h«tt»t ««* 1 k O e £Lh©A- t 
?ni0vol (ttffi) XK±*A;-PS;'5««M1 k 
Oe&±T&3fc©T£-5©-c\ V7h«ttfitA-H 
«ttffi©*W©Wtt*»*.*;ifcJ&«-e#. Bfc©S&fli 

fiSAt 6 o o tHTrofitti t n^n i o v o i 

MM*) Xa±^T?a:*fiMB*3&«l.kOe£Jl±T?** 
©Sfifcf « t> /h3 v» %> © t T * n i tfT* s . 

[0 0 7 2] ±|Bfil?&iiaiC*V»T#*KSS*ffifr 

i o K/ft&±(Dfrum&-T:Mmwmzmt>n 

6«Btt»»T, 0 0 nmHT« 

JMtffi££ffl£bT-5trfc©fc:*oTtt, V7h«ttffi 

«k:*v»T#a»ffi&±ffifr*^38«i o ok/#£* 

±©#»*anM»ffl3£ftTfc5fc©fc»-3Ttt, ¥^ 
£WK«fc*««tt*mfc$5V>T, mz, /t-5 7>^ 

tt, a«*fl;tf«/h£ </> £ i: «Stt5t>it-6 if© 
[0 0 7 3] *5BWfC«te*«SBItt«-»KJ:*itf. fiMS 

«wt«*3S«att*f»c«tntf, ffift«fls (i s) 

(I r) ©ffl£ (Ir/Is) ^, 0. 

(I r) d£#T!*, m>a*M&x.*)V* 

-« ( (BH) max) £8o««tt*m£»* £ 

**W©««tttJ»K»oTtt. »&£TxMyR 
zBwtU iifij£it;£7jrf x, y, z,-wBff%t. 5 
0^x, 0 ^ 1 5 . 3^2^20. 3^w^2 0& 
5ii«Stl)feffltL. ^@^fb (I r) # 

1 0 0 eniu/gfil±©t)©tt5I <hKJ;tK 

n. *©a©i 0K/»jjt±©»fii8ftT?«ifiiasn* 

f#^n^>. id-C©rii.BJc^;4'©fflfi£Jt^^-rx > y, 
z, wtt, 86^x^92, 0. 5^y^3, 3^z^ 
7. 3^w^7^?>M«^^S-r^-«i:tCJ;0, iOfR 



(16) 

[0 0 7 4] *3BM©flB«tt«»H*-3T«. ifflf££T 
xMyRzBwEvch U, fflfifcitSr^f x , y, z , w, v 
iZW.=F%T\ 50S X . O^y^lO, 3^2^15. 
3^20, 0^v^ 1 0tiZ>m%$:%l%:-?Z>'b<Dt 

5. ^UTOm^^wmfiKitSr^f x, y, z, w, 
v«IC^%T, 80^x^92, l^y^5, 4^z^ 
~ 10, 3 ^ w£ 7 ; 0 ^ v ^ 5 £ 3 -Hff €*S-r«-c: "t 

fSW»C«*JS«HBtt«»K:*VJT13:, S i 5c*jfl*T5c* 
ilto. 5~5M^%jfobn£ft£££l;:«fct>, <&&i^ 
ttTTU*^ It F e EAfl-fc C o ^tSnS £ t fcJ: 0 , A 
-=T>X«^#1 oa±ttt«»«T?afflbfct#© 
BflSOfiflHMRClB^ftttfO. 10%/KHT©t®5: 

a-3T*5sw©aatt*r»ic*r>Ttt. «ss;scn— 

[0 0 7 5] **W©««tt«»©»3i*j*'t:*tjT 
«. Fe, Co, Ni«5^ llK±®7ciTi, *± 
SeE*©5%©iaet±*»6Jit*7C«R4:. BtZS 

Sp4^ 1 0 K/#£U©#i&3gTf&£!lS-r 
*Ig*flM.ai:ifc«kD, R2Fei4Bffl©*Sfi{bfi 
St be c-Feffi©|gftftiag©i£j&*/hS<£D. b 
c c-FeffltNd2Fei4Bffl*HI^K:ilSftfl:t?** 

Kffi©b c c -F effi<hR2F e i4Bffl©¥^S^ft 
*{aaB-ffr-5^t^T?#S. R2Fei4B*§« 
be c-Fe*IJ;t)¥^tSa«[g3^/hSV»5^., bee 
-Feffi±D#fiiifl»C*fKlfcff-r*©Tr, JftftLSft 
©#t&jSS& 1 0 K/5J-«±fr*c:ttw«kl9, bec 
- F e ©ift^ i R 2 F e 14 B ©tt^fltB 0 -5 tt¥ftt£ 
<&9,' V7h«ttfii (bee (#iM£7j*|jg) -F 
e) tA-H«tt« (R2F e 14B) ©sS&i&^fTfc 

^7C^©^*ft*. fi!*©#±^5«tO ; t)^^< LT 

t>«nfc«i«awtt*«»5ns©T, it«*wfi^«jt3 
x h-cKttil©««tt«»*«jfiTa;:t3&«T*4. 

[0 0 7 6] S btc. #369IK«to*««tt*m©Mifi 

Mio 0K/«-fit±©#jaaftTjiMaa-r«iitK:± 

0. (BH) aax*«*#<. ^-«ctt«HSii**WaiLfc 
so «fc*««tt«fBf©8|j67Jftk:*oTtt, ±12© 
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#&Mft&£.mfrz>-£:&l~S i £T7cSii§&T0. 5 

>X&mn 0 &±£fc4HMKT«£fl!b;fci#©aflS© 
»«*R©»*HfiJ&« 0 . 10%/KKTffl®i)t»jSf5: 

[0B©jgS¥fcl&9!] 

[01] 9 7 3K~1 0 2 3 KT^S^KiStt-SF 
e88Nb2P r 5B5&Sfflj5£©8tt$©b c c -F effl© 

[12] 9 7 3K~1 0 2 3 KTf&J&S&lCfettSF 
e88Nb2Nd5B 5 ^?)fflfiK«DKW(Db c c-FetfiiD 

[03] 9 7 3K~1 0 2 3K(DmMWUmT5ftm 
«#bfc», #«3lfttRli;j««Tri*»UfcFe88Nb 
2P r5B5a*aj*©tt»©«55»tt©#iB3iflE«Stt 

[04] 9 7 3K—1 0 2 3 K©MfflIfiKt5M 
«J*Lfc». ^SilStlHlUjSSTI^tabfcF essNb 20 
2N d 5 B 5&£ffij«©tm©tt^tt©#ii&&tt$tt 

[05] Fe88Nb2 (Pr, Nd) 5 B5&-5;fifi£© 
tt»Obc c-Feffl©¥^ilS»«tat«ft»ttOH* 

[06] F e84Nb2Nd7B5S i 2^ ; 5MfiS;©i4»© 

*. 

[0 7] #i&3§gl 8K/#, 7--;P«aS9 7 3 K 
TSftSaa^OF e84Nb2Nd7B5S i 2*:5SafiE©K^ 30 

0T&5. 

[0 8] #iSjSg?l 8K/», 7r-Mgl 0 2 3 
KT^MSffeCDF e 84N b 2N d 7B5S i 2&£&J$©tt 
H©X»/X*->©*M&J1I5IS] (««f«fW) 

T0T-a5-5. 

.[09] #iaiis 1 8 k/#, 7^— ;i4a& 1073 

KTlilltOF e84Nb2Nd7B5S i 2fc-5iifl/$©H 

»©x«a/"t*->©siwa«i&iBi <fia#s*ra) «e#tt** 

-f0T&5o 40 
[010] F e88Nb2P r 5 B5&5»filOlIM 

[011] Fe88Nb2P r5B5&Sjaric©««tt*C 
^«tFe88P r7B5tt*aj«©««tt*J»©*fl:ttiB© 

f(S 2 ft EE jj* T ^ y 7 T a& -5 . 

[012] F e76CoioNb2P r7B 5 f e £2 ) a) 3 t©^ 
^Mfi©3 0 2. 5 K~4 8 9 K£#tt*i 

(!?§2ftffi) £^-f^7T££„ 



J* 

[013] F e66Co20Nb2P r 7B 5& -&£&)&©» 
»££Ktt©3 0 8 K~4 7 1 KI:i5lt5«Sii (£ 
2*18) *ST^77T*4. 

[014] F e84Nb2P r 7B5S i 2ft*fflJS©8M& 
^H»O3 0 1. 5K~4 7 7Kfc*tt4a*«ttiS 

($2*IB) ^t^77f*5. 

[015] $tt«|©ff«£&tttt& 6 tf C Jfctt«©« 
5©«Sl»ttiia!ti©H«**-rHTf»*. 

[01 6 ] -"^«©*#£&tt»fr&tffctttm©«- 
e^n?ftp= 1 0 £ft*J£#T&fflb;fc£€f I r© 

[f 17] *^W©Sa^©®Hrtt»*Fe88Nb2 
Nd 565ft -Sifij£©$;i£A*;l^ (£&E.®m , Fe86 
Nb2P r 7 B5&Siiaj&©iiS^&&££AC&5fe©Nd 
-F e - B*tt5©/V-5 7>*«R£fiflEff»£:©n 
&£j3cr0T'&5. 

[018] 1 0 2 3 K<Dj&j&mMX-C 1 8 OfJ>«Jtb 
«L»bfcFe88Nb2Nd5B5&*aj*©»#^ 

Gtmammmm d 2ti) ©#i&sigfe??tt£*-r 

[019] 1 0 2 3K©iffliia^tl8 0f«J$l 
3&»bfcF e88Nb2Nd5B5ftSI&j«©»«-& 
&$£**© I r. lr/Is, iHc$.tfBH) maxOlf-S 
iigflc & 0T * 3 . 

[02 0] IIM!igP#©#i&ag£3~l 8 0K/», 
fiy*«p|B* 1 8 0#tU -f-©«2ft»b&Fe88Nb2 
Nd5B5&*Jflj*©»*-&*tt»© I r, Ir/I'sS 

[02 1] aM&«BS©#ii»ft«3~l 8 0K/», 
&*tia^£l 0 2 3K, ftftH$IH!&l 8 0#£U ^© 
Sb&»bT»6tlfc*F e88Nb2Nd5B5ft**aj«© . 

*#^*it»©fflfl:©iaft«fl;**TBn?»*. 

[02 2] Mftl9tir©«&&ft$ 1 0 2 3K, ffi&B£ 
ISJSl 8 0f*£U -t©asil?&bfcFe88Nb2Nd5B 
5&SfiJ*©**£&tt»©b cc-FeffltNd2Fe 

i4B«©Ti§tsfttS[a©fHaa*ft#tt**"rHT* 

-5c 

[02 3] *»ttKJ:l5»6nfcFe88Nb2Nd5B 
5&StildE©#ft*^*#K»©#IHiaflEK*^S 

dsc (*a^ai^»aa^) ftasama-e**. 

[0 2 4] (a) tt, a2 3Cwl/ft*SIilH:* 
ttSDSCfl&©bcc-Feffl©*gHfl:i&fl[ (T x j) 
Nd2F e i4Bffi©^^-fbfig (T x 2> £^rf0T 
(b) B12 3K*bfcft#»iifl»C*^*DS 
Cft||©Nd2Fei4Bffi©T x 2tbc c-Feflfflg 
JUfciS^Txi©!! (DT X =T X 2-T x i) S^tlT^ 
So 
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